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Ап Extraordinary General Meeting of the Institution 
was held, in association. with the American Institute of 
Electrical Engineers, at 9.30 a.m. on Thursday, August 
16th, 1900, іп the United States National Pavilion in the 
Paris Exhibition, Professor John Perry, President of the 
Institution of Electrical Engineers, and Mr. Carl Hering, 


President of the American Institute of Electrical Engincers, 
presiding. 


Mr. CARL HERING: It gives me great pleasure to open 
this meeting, the first one held jointly by the Institution 
of Electrical Engineers and the American Institute of Elec- 
trical Engineers. 

Such international meetings between societies. whose 
aims are alike but whose surroundings are different, cannot 
fail to be of interest and beneht to all who take part, and to 
draw closer together the different nations that. participate, 
thus strengthening the ties which bind together the electrical 
engineers of different countries. 

The promising success of the present session gives us 
reason to hope that it will soon be followed by other 
similar international meetings of electrical engineers. 

In behalf of the members of the American Institute of 
Electrical Engineers, I wish to thank you, Mr. President 
and members of the Institution of Electrical Engineers, 
for the great pleasure you have given us by joining us 
in this international gathering. It was quite a venture 
for us to hold a meeting so far away from home; т 
fact, when Г first suggested it some years ago the рго- 
position met with some ridicule by members of our board 
of managers. When we found, however, that our older 
and larger sister society in England joined us so heartily 


in Our proposition, the success of our venture was at once 
VOL. XXX. ^1. 
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assured. I feel sure that those of our members who are 
present, and many who are not, hope that this, our first 
joint meeting, will be the beginning of a series of similar 
meetings of our sister societies, and that the next one will 
be in the home of our Institute. 

(Mr. Hering then made a few remarks in French and in 
German, welcoming the guests from other foreign countries, 
and.expressing the hope that the electrical societies of the 
leading countries will join in holding similar meetings, the 
next of which he hoped would be in the United States.) 

In accordance with the arrangements of our joint Com- 
mittee, there will be two presiding officers. Professor Perry, 
as the senior officer, will conduct the affairs of the meeting, 
and will now address you. 

Professor PERRY, F.R.S. : After a very few words from 
me we shall commence the discussion. I can only say to 
the Americans who are now our hosts in this building that 
their visit to England gave us very great happiness indeed 
for four days. 1 think that every Englishman who joined 
in the parties feels that it did really give us more pleasure 
than it was possible for our guests to experience. 

There are no minutes to be read at the beginning of this 
meeting because there have been no such meetings in the 
past, but minutes are being prepared of this discussion, and 
let us hope that they will be read on a future occasion. In 
the name of the two Institutions of Electrical Engineers, we 
welcome you, ladies and gentlemen, to this meeting. 

I will now ask М. Mascart to say a few words. 

M. Е. MASCART: Je dois d'abord adresser à la Societé 
des ingénieurs électriciens de Londres mes trés vifs remerci- 
ments pour l'honneur tout à fait exceptionel qu'elle a bien 
voulu me faire en me nommant vice président: j'ai été 
extremement touché de cette marque particuliére d'estime, 
et jajouterai d'affection, de la part des membres de cette 
société. | 

On a émis tout-à-l'heure la pensée qu'il serait tres utile 
de rendre plus fréquentes les réunions analogues à celle ci, 
c'est-à-dire des réunions comprenant les membres des 
sociétés d'électricité des nations les plus importantes; vous 
avez commencé par donner l'exemple, et nous vous remer- 
cions d'avoir réuni à Paris les membres des deux grandes 
sociétés d'Amerique et d'Angleterre. 
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. a ? А . 
Vous nous conviez à aller aux Etats Unis; je vous assure 
que ce serait pour moi un trés grand plaisir, parceque j'ai 
conservé un souvenir charmant du voyage que j'y ai fait il 


уа quelques années, mais je commence à être de ceux qui- 


ne voyagent plus beaucoup. J'espère, néanmoins, que les 
membres de la société des électriciens, qui se sont déjà 
préoccupés de cette question, répondront à votre appel 
et que, bientot, vous pourrez tenir en Amérique, à Phila- 
delphie, par exemple, une réunion des socictés des électri- 
ciens d'Amérique, d'Angleterre, de France et d'Allemagne 
sans compter les autres pays. 

Mai si Je ne puis pas étre des votres dans cette circons- 
lance, je vous accompagnerai, cependant, de mes voeux les 
plus sinceres pour le succés de votre réunion. 

Maintenant, au nom des électriciens frangais, au nom de 
la société des électriciens, je vous remercie de nouveau et 
tres cordialement d'avoir choisi 1а ville de Paris pour y tenir 
une séance de vos sociétés associées. Je remercie, en par- 
ticulier, nos deux honorables présidents qui ont eu l'initia- 
tive féconde de cette réunion extra-territoriale. 

Professor J. PERRY: I will ask Mr. Ferranti to open the 
discussion. 


DISCUSSION ON THE RELATIVE ADVANTAGES OF ALTER- 
NATING AND CONTINUOUS CURRENT FOR À GENERAL 
SUPPLY OF ELECTRICITY, ESPECIALLY WITH REGARD 
TO INTERFERENCE WITH OTHER INTERESTS. 


Mr. S. 2. юк FERRANTI : I am indeed greatly honoured by being 
allowed to open the discussion at this most fortunate meeting. I 
say most fortunate, because you will all agree with me that nothing 
could be better than that the American and English Associations 
of Electrical Engineers should have а joint meeting. There is only 
one thing in my mind which is perhaps better, and that is that we 
should be holding this meeting in Paris, and thus show what a great 
ue really unites us all, and how much more friendly our feclings really 
are than is often supposed. Тһе subject for this discussion was left 
for the English Institution to select, and I can assure you, gentlemen, 
that it was а matter of no little difficulty to decide upon what we should 
discuss. The subject which has been chosen you may at first think is 
simply a revival of the old contention between alternating and con- 
tinuous current. I hope, however, that it is no such thing. Matters 
have greatly changed since the early days when the advocates of each 
of the two systems were, I may almost say, bitter enemies, and when 
they thought that everything that was done by the other side was 
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wrongly done. We have all found that that is not so, and that there 
are great merits in the particular uses of both svstems. But, as I have 
said, things have changed, and they have not changed yet as much as 
thev are. going to change in the future. The question that we have to 
deal with must be considered in the light of what electricitv will be 
ten, fifteen, or twenty vears hence. You have seen how the industry 
has grown ; vou know, by being members of the electrical profession, 
how much it has done up to now. Г think few of us, although it is our 
life's work, realise what electricity is going to grow to, and how impor- 
tant and universal a part it is going to play. It is, however, іп this 
light that we must consider what are the best lines to be worked upon. 
It is по longer the small isolated systems which could be worked on 
one plan or another according to convenience ; that we have to deal 
with, but it is the question of transmitting and using big powers all 
over large arcas. Now, with regard to the advisability or desirability 
of one system, the continuous as against the alternating current : many 
of vou know that I have consistently worked with alternating currents, 
and vou will therefore appreciate that my knowledge of the other 
subject is not what it should be as compared with that of those who 
have worked more exclusively in that direction. I, however, desire to 
dissociate what I have done from what I am going to say, and rather 
than give so much ту own opinion, I shall suggest a few points to vou 
bearing upon what the general opinion is on this subject, as I consider 
it most important. ——— 

Looked аі from the new point of view, this is what presents itself : 
Which will be the possible system in the future? I зау “possible” 
because manv of us have had very serious experiences of the electro- 
lytic effects which are produced to such a large extent by the continuous 
current, What I am wondering is this: И this system is developed and 
extended to a very large extent, will it be possible satisfactorily to pre- 
serve any metal work in the earth at all? We have not only got to deal 
with the lead coverings of electric cables, but we have also any amount 
of structural ironwork—water mains, railway rails, gas pipes, water pipes, 
and all sorts of things—the quantity of which is increasing every day in 
our streets all over the country. The amount of property invested 
underground in one or other of these forms is reaching a very great 
figure ; and it becomes a serious question for us, not so much in the 
light of to-day, but in the light of the future, when immense develop- 
ments will have taken place, to know on what lines we should go, and 
how best to protect this immense property, which may be injured by the 
otherwise beneficial work which we are doing. Of course alternating 
currents are not quite free from the liability to produce some harm, but 
what little harm they can do is not of commercial importance. Therefore 
I consider it will want our most careful thought and work and investiga- 
tion to find out rcally how we can diminish these electrolytic troubles, due 
to continuous currents, or whether it will not be necessary to substitute 
alternating current, which produces but slight detrimental effects, and 
see how to overcome what disadvantages are now left to it. I hope 
that a great many of you gentlemen present will give us valuable infor- 
mation on this subject, and, after you have left this meeting, having 
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heard the discussions which have taken place, that during the next few 
years vou will give the matter your careful consideration, and then con- 
tribute your views through the electrical press, or by another such 
meeting as this, to the electrical profession at large. 

Again, gentlemen, I must thank you tor having been allowed to open 
this discussion. I hope it will be a full discussion and that what I have 
said may stimulate discussion and lead to careful consideration of the 
subject which will prove beneficial to the electrical industry in the 
years to come. 

Mr. Bion J. ARNOLD: I wish to express mv appreciation of the 
honour conferred upon me by being permitted, іп this discussion, to 
follow so distinguished a worker in the electrical field as Mr. Ferranti. 
I did not know about my colleagues' intentions of calling on me this 
morning until late last evening, otherwise I would have taken time to 
prepare my remarks. We have all heard that the man who dares to 
assert that “electricity is in its infancy " is liable to annihilation on the 
spot; but after Mr. Ferranti's remarks I fancy we may be considered, 
for the moment at least, to be on the threshold after all. 

I think it may bring out the discussion of this subject between the 
different countries, here represented, more thoroughlv if I outline 
briefly the practice in the country which I come from, viz., the United 
States of America. For lighting work we started in our large cities 
with the direct current system as advocated by Mr. Edison. By the 
wav, I once saw a letter from Mr. Edison, written some ten vears ago, 
in response to an inquiry addressed to him asking his views on the 
relative advantages and disadvantages of the alternating and direct 
current. His letter intimated that he thought the alternating current 
was of Satanic origin, that it was a delusion and a snare, and that no 
good could come out of it. Mr. Ferranti has proven that the contrary 
is the case, and judging from his remarks and the work of many others 
it seems as though the ideas of his Satanic Majesty may yet prevail. 

Returning to our subject, we started in our large cities with the direct 
current system and in our smaller cities with the alternating system, 
'To-day the direct current seems to have not only held its own in our 
large cities, but, in addition, is replacing the alternating system in some 
cases, although the alternating system holds its place for smaller cities 
covering widely distributed districts and for transmission to the out- 
lying districts of our'larger cities. In the City of Providence, Rhode 
Island, one of the first and leading cities in the electric lighting indus- 
try, the alternating apparatus originally installed has been entirely 
thrown out, in the underground districts, and replaced with a direct 
current system of supply, delivering energy on a three-wire 480-240 
volt system. Тһе same thing is taking place in the City of Saint Louis, 
Mo., although at this point they have not abandoned the use of the 
alternating apparatus, but a competing company has installed a direct 
current system on the 480-240 volt three-wire svstem, which company 
has largely taken the business of the alternating company within the 
district it reaches, and the net earnings and operation of the direct 
current company have been very satisfactory. I mention these two 
important installations to emphasise my statement that the direct 
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current is holding its own in our larger cities. I believe the alter- 
nating current will hold its prestige in our smaller cities and in the 
outlving districts of our larger cities. 

In answer to Mr. Ferranti's advocation of the alternating current for 
lighting work in large cities, I will sav that there are no means, so far as 
I know, for equalising the load upon the power station when the alter- 
nating current is used, thus losing the advantages gained іп direct 
current work when using storage batteries. Тһе installation іп the 
latter case would require less investment than would be necessary 
if the alternating. current were used, assuming a reasonable area 
over which the energv is to be distributed. 

Coming now to railroad work, we started with а 5oo-volt direct 
current svstem, and gradually increased to 600 and 700 volts, and 
are now utilising the latter on the sections of the roads contiguous 
to the power houses, and driving our more distant sections with 
three-phase 25 or 30 cvcle alternating current. I believe this will be 
modified, and that the alternating current will ultimately predominate 
in railway work. I believe that we shall soon eliminate entirely the 
sub-station, the rotarv converter, and possibly the static transformers 
at the power house. We shall at least eliminate the sub-stations. 
Mr. Ferranti is no doubt working on this theory, and so also are others, 
in the respective countries here represented, including some from 
the United States. Some of us feel that there is a fair hope for 
success, It may, of course, be slow in coming, but that it will come 
I have no doubt. There are two main difficulties at present in the 
way of a complete апа successful alternating current railroad svstem. 
The first is the lack of a practical method of starting and controlling 
the speed of an alternating motor without excessive consumption of 
energy. The second is the one pointed out by me when referring 
to lighting work, viz., the lack of a load equaliser corresponding to 
a battery in direct current work. Some of us are hoping for and 
endeavouring to develop a system by means of which we will 
utilise or have the advantages of an cqualising reservoir as it were, 
thereby taking the place of the storage battery in direct current 
railway work. І believe this is coming, and if it is successful we 
shall have an ideal svstem for long-distance railway work, utilising all 
the advantages of the alternating current for transmission and the 
advantages of the equalised load factor for economy, and we shall 
not have the disadvantages of the sub-station and its corresponding 
maintenance and labour expense. 

I do not know that I can add anything more to the discussion, but 
if I have succeeded in pointing out, in a general wav, the lines upon 
which the engineers of our country, and possibly of others, are working 
in the lighting and railway fields, it is all I can reasonably hope to do in 
the time allotted to те. If any further information is desired regarding 
the details of the work to which I have alluded, I will, if the questions 
are asked, give such information as I can consistently at the present 
time. 

Sir WILLIAM PREECE: I feel somewhat in the same position as the 
blank leaf between the Old and the New Testament. Iam here as a past 
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President of the British Institution of Electrical Engineers, but I am um 
also an Honorary Member of the Institute of Electrical Engineers of | 
America. I therefore speak in the blank-page capacity. I also hold 
the position of never having compromised myself by associating myself 
either with the direct current or with the alternating current system. 
I have used both when I thought either was right. I believe there are 
circumstances in which the one is essential, and under different circum- 
stances, where the other properly comes in. 

Now, we want to consider the subject before us from different points 
of view. We have to consider generation, we have to consider the 
distribution of our currents, and we have to consider the transmission of 
these currents to great distances. In the first place we have to deal 
with the generation of our currents, and there we start exactly from 
the same point, for we must all remember that an ordinary dvnamo 
is nothing more nor less than a simple alternator. So we start from 
the same basis. 

Mr. Ferranti commenced his remarks by referring to some of the 
disturbances. He dealt with the electrolytic effect upon pipes and 
metallic coatings. There is another serious disturbance that has caused 
many of us anxious moments, and that is the disturbance produced by 
alternattng currents upon telephones. I have always said that the tele- 
phone is perfectly competent to take care of itself. The alternating 
current, engineer need not worry himself about telephones. The tele- 
phone. is never complete until it has worked on metallic circuit, and 
when that metallic circuit is tested and properly maintained, no alter- 
nating currents, whatever their frequency, whatever their strength may 
be, can possibly affect telephones. There is another serious difficulty 
that we have met with in our practice, and that is disturbances to rail- 
way signals. Although under ordinary normal conditions alternating 
currents cannot affect the railway signals, there may be sudden rushes 
to earth due to those strange effects that were once called, and rightly 
called, Ferranti effects, certain sudden effects of momentum in alterna- 
ting circuits which raise the voltage so that the insulation is pierced 
by great surgings of current. Such things have produced, and will 
produce, false signals on our block system unless some step is taken 
to prevent them. 

The rest of the disturbances are comparatively trifling in their 
frequency ; but they have been serious in their consequences, There 
аге the fires that have been caused by some of these surging effects to 
which I have alluded. · Now, in determining the necessity for the use 
of either system, we have not only to consider what I have said, but 
we have to consider the use to which it is placed. There is first 
electric lighting, next motive power, thirdlv traction, and fourthly 
the transmission of power to a distance. I do not think there is a 
single man in this room who would not agree that the only practical 
and the only possible way to transmit energy to a great distance is now 
the triphase alternating current system. Хо high pressurc continuous 
machine has yet been constructed which could possibly do what is 
being done between Niagara and Buffalo and in California and in 
Switzerland. There сап be no question that for transmission the 
alternating currents must be considered pre-eminent. 
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current is holding its own in our larger cities. I believe the alter- 
nating current will hold its prestige in our smaller cities and in the 
outlying districts of our larger cities. 

In answer to Mr. Ferranti's advocation of the alternating current for 
lighting work in large cities, I will say that there are no means, so far as 
I know, for equalising the load upon the power station when the alter- 
nating current is used, thus losing the advantages gained in direct 
current work when using storage batteries. Тһе installation. іп the 
latter case would require less investment than would be necessarv 
if the alternating current were used, assuming a reasonable area 
over which the energv is to be distributed. 

Coming now to railroad work, we started with a 500-хой direct 
current svstem, and gradually increased to 600 and 700 volts, and 
are now utilising the latter оп the sections of the roads contiguous 
to the power houses, and driving our more distant sections with 
three-phase 25 or 30 cvcle alternating current. I believe this will be 
modified, and that the alternating current will ultimately predominate 
in railwav work. I believe that we shall soon eliminate entirelv the 
sub-station, the rotary converter, and possibly the static transformers 
at the power house. We shall at least eliminate the sub-stations. 
Mr. Ferranti is no doubt working on this theory, and so also are others, 
in the respective countries here represented, including some from 
the United States. Some of us feel that there is a fair hope for 
success. It may, of course, be slow in coming, but that it will come 
I have no doubt. There are two main difficulties at present in the 
way of a complete and successful alternating current railroad svstem. 
The first is the lack of a practical method of starting and controlling 
the speed of an alternating motor without excessive consumption of 
energy. The second is the one pointed out by me when referring 
to lighting work, viz., the lack of a load equaliser corresponding to 
a battery in direct current work. Some of us are hoping for and 
endeavouring to develop a system by means of which we will 
utilise or have the advantages of an equalising reservoir as it were, 
therebv taking the place of the storage battery in direct current 
railway work. I believe this is coming, and И it is successful we 
shall have ап ideal svstem for long-distance railway work, utilising all 
the advantages of the alternating current for transmission and the 
advantages of the equalised load factor for economy, and we shall 
not have the disadvantages of the sub-station and its corresponding 
maintenance and labour expensc. 

I do not know that I can add anvthing more to the discussion, but 
if I have succeeded in pointing out, in a general way, the lines upon 
which the engineers of our country, and possibly of others, are working 
in the lighting and railway fields, it is all I can reasonably hope to do in 
the time allotted to me. If any further information is desired regarding 
the details of the work to which I have alluded, I will, if the questions 
are asked, give such information as I can consistently at the present 
time. 

Sir WILLIAM PREECE: I feel somewhat іп the same position as the 
blank leaf between the Old and the New Testament. Iam here as a past 
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President of the British Institution of Electrical Engineers, but I ат ү 
also ап Honorary Member of the Institute of Electrical Engineers of | 
America. I therefore speak in the blank-page capacity. I also hold 
the position of never having compromised myself by associating myself 
either with the direct current or with the alternating current system. 
I have used both when I thought either was right. I bclieve there are 
circumstances in which the one is essential, and under different circum- 
stances, where the other properly comes in. 

Now, we want to consider the subject before us from different points 
of view. We have to consider generation, we have to consider the 
distribution of our currents, and we have to consider the transmission of 
these currents to great distances. In the first place we have to deal 
with the generation of our currents, and there we start exactly from 
the same point, for we must all remember that an ordinary dvnamo 
is nothing more nor less than a simple alternator. So we start from 
the same basis. 

Mr. Ferranti commenced his remarks Бу referring to some of the 
disturbances. He dealt with the electrolytic effect upon pipes and 
metallic coatings. There is another serious disturbance that has caused 
many of us anxious moments, and that is the disturbance produced bv 
alternating currents upon telephones. I have always said that the tele- 
phone is perfectly competent to take care of itself. The alternating 
current engineer need not worry himself about telephones. "The telc- 
phone. is never complete until it has worked on metallic circuit, and 
when that metallic circuit is tested and properly maintained, no alter- 
nating currents, whatever their frequency, whatever their strength may 
be, can possibly affect telephones. There is another serious difficulty 
that we have met with in our practice, and that is disturbances to rail- 
way signals. Although under ordinary normal conditions alternating 
currents cannot affect the railway signals, there may be sudden rushes 
to earth due to those strange effects that were once called, and rightly 
called, Ferranti effects, certain sudden effects of momentum in alterna- 
ting circuits which raise the voltage so that the insulation is pierced 
by great surgings of current. Such things have produced, and will 
produce, false signals on our block system unless some step is taken 
to prevent them. 

The rest of the disturbances are comparatively trifling in their 
frequency ; but they have been serious in their consequences. There 
are the fires that have been caused by some of these surging effects to 
which I have alluded. - Now, in determining the necessity for the use 
of either system, we have not only to consider what I have said, but 
we have to consider the use to which it is placed. There is first 
electric lighting, next motive power, thirdly traction, and fourthly 
the transmission of power to a distance. I do not think there is a 
single man in this room who would not agree that the only practical 
and the only possible way to transmit energy to a great distance is now 
the triphase alternating current system. Мо high pressure continuous 
machine has yet been constructed which could possibly do what is 
being done between Niagara and Buffalo and in California and in 
Switzerland. There can be no question that for transmission the 
alternating currents must be considered pre-eminent. 
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As regards motive power, we come to quite another question. There 
is no doubt at the present moment that the triphase motor is as good 
as, if not better than, the continuous current motor under some cir- 
cumstances. Mr. Arnold referred to the fact that in his country the 
continuous current was holding its own and displacing the alternating 
current. Here in France—I forget where at the present moment— 
there 15 an illustration, where contifuous current machines have been 
removed, and replaced by triphase, in consequence of the superiority 
of the triphase over the alternating current. So we have this curious 
see-saw going on; at this side of the water the triphase supplanting 
the continuous current, on the other side the continuous current sup- 
planting the triphase. The moral is, that each in its own sphere is 
good, and as both are used there can be no serious defects in either 
the one or the other. 

One of the most important questions which has not been raised, and 
which I should wish to raise, is that relating to the necessity of 
standardising the frequency. I cannot perhaps remember all the 
cases, but we commence with Niagara. There the frequency 15 25. 
There is another large installation where it is 45. In many places 
in England—and Mr. Ferranti himself. раз started one in the south 
of London—the frequency is 50. At Deptford, in ап installation 
which he originated, the number is now 67. We come to the City of 
London, where I think it is 97 or probably roo. In our first alternating 
current systems in London we started at Sardinia Street with 130. 
Now we find that the frequency is varving іп different parts of the 
world from 25 to 130, and that shows that there is something wrong 
somewhere. I believe I am right in saying that the American. Engi- 
neers would have the standard for motive power 25, for ordinary 
distribution 5o, and for house distribution where each house has its 
separate transformers, 100. I think that is so, but I have no notes 
by me to refer to. Anywav, I want to point out that if this joint 
meeting can possibly do any good it will first allay the impression 
that there is any difference among engineers as to the relative 


“superiority of alternating and direct current systems; and secondly 


that now at this joint mecting we might determine а standard fre- 
quency that shall apply to various cases. 

I have only one more point to make. "That is to call attention to one 
line of progress along which we are working in England. I refer to 
the distribution of these triphase currents at high pressures to great 
distances by means of underground cables. Nearly all the experience 
in America is with overhead wires. The longest underground system 
which I know is the one established by Mr. Ferranti between Depttord 
and Trafalgar Square. This is nearly eight miles long. But under- 
ground mains to conduct high pressure triphase currents will be laid to 
a very large extent, and those engineers who will have the designing and 
manipulation of these must find out and learn all they can of the eftects 
of capacitv, for in all 1 have read and all I have seen that capacity is 
practically ignored. Everybody considers induction, which is small 
in its effects compared with capacity. I anticipate, when we get 
long lines of twenty or thirty miles transmitting triphase currents at 
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10.000 volts, great difficulties will be experienced in effects due to 
capacity. 

Dr. А. E. KENNELLY : The occasion which presents itself to-day for the 
discussion of this subject is, as we have just heard from Sir William 
Preece, a most fortunate one, namely, for the expression of opinion as 
to the best frequency which can be adopted for alternating current 
svstems as well as for the cure or dispersal of some of the mists which 
still hang over the precincts of the fields of alternating current and 
direct current supply. I think we are generally agreed, not only in 
America but also, I think, here and іп Europe as a whole, that where 
vou have а denselv crowded area to be lit Бу incandescent lights or 
arc lights vou cannot do better than supply that area with direct current 
at the pressure at which it is to be operated ; and if the area is 
narrow and constricted vou need not exceed the pressure of a single 
incandescent lamp, or say about 100 volts. But as the area 
extends, the quantity of copper you put down becomes so large an 
item of the capitalisation, that vou must employ a greater pressure, sav 
240 ог 250 volts, over a distance up to half a mile or a mile. When vou 
come {о a greater radius of transmission in vour dense area vou must 
emplov 500 volts, and finally there arisesa limit bevond which it becomes 
uncommercial to supply the direct current for the direct application 
and you must introduce a higher pressure. То introduce this higher 
pressure vou must resort to alternating currents, and so in many of the 
large cities of America you will find that the heart of the city is supplied 
bv a direct-current system on the three-wire plan, and then the outlying 
regions of that same system are supplied through the medium of alter- 
nating currents at higher pressures. The pressure increases as the 
distance of transmission increases. We are all agreed that when the 
distance of transmission is considerable you must employ the alternating 
current. On that ground we all stand. Thus when you have to supplv 
electric traction systems at a distance, you inevitably employ the alter- 
nating current, and then you resort at the distant end, at least in 
America, to the direct-current supply through the medium of converters. 
The connection together of those two svstems is accomplished with 
difficulty as well as at considerable expense. There is a set of trans- 
formers to reduce the pressure, and then there is rotating machinery 
required to supply the direct current. This condition of affairs is so 
anomalous and inconsistent with the otherwise great simplicity of elec- 
tric current supply, that it is difficult to understand how so remarkable 
a combination arose. I think it may be claimed to be due to the fact 
that the electric motor for tramways came into existence graduallv and 
developed as part of a direct-current system, and that up to the present 
time thestandard traction systemsof America have been all direct-current 
svstems. The difficulty of supplving all the apparatus needed upon 
an alternating-current basis, even supposing there were no objections 
and difficulties to be met with in the alternating-current motor, have 
constituted reasons sufficient to account for the anomalous condition of 
affairs. If, however, in the future the difficulties which remain in the 
wav of introducing induction-motor street-cars can be cleared away, we 
may expect, as I think Mr. Arnold intimated, that this condition will be 
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climinated, and we shall have nothing more than a plain alternating- 
current system from beginning to end. The only considerable dis- 
advantage would lie in the difficulty in maintaining a steady distribution 
of pressure. Тһе difficulty which is encountered in the matter of the 
distribution of direct currents on electric railroad svstems supplied from 
a distance is, as we know, the electrolvtic difficulty. There has been 
much trouble in America on this account. Many pipes have been 
destroved and others have been much damaged by this means. But 
that dithculty is giving way to careful and deliberate engineering, and 
it is a much less serious difficulty at the present time than in the past, 
because engineers know better now what to do. The damage has 
occurred not so much to large mains as to service pipes crossing the 
streets, and also to telephone cables where the metallic sheathing is 
continuous. Bv carcful attention to these conditions, by studving the 
outlines of the system carefully, this electrolytic difficulty has been, and 
can be in the future, largely eliminated. іп maintaining а difference ot 
potential between pipes and tracks not exceeding one volt within the 
danger area, bv putting down a sufficient amount of ground-return 
copper, and by carefullv bonding the tracks. This danger from the 
electrolytic action resulting in corrosion can be largely eliminated, and 
we mav expect bv engineering skill that this trouble will be almost 
entirely overcome. 

One disadvantage, however, which has not been pointed out Бу 
preceding speakers in the direction of alternating current traction 
consists, I think, in the increased hazard from shock and increased 
danger to Ше and person. An accidental shock from 500 volts of 
direct current is not, as a rule, a serious thing. There are cases on 
record, I believe, where it has proved fatal, but they are certainly very 
rare, and the number of shocks which are accidentally encountered 
from day to day over a large number of traction systems is considerable. 
If, on the other hand, уоп employ 500 volts of alternating current and 
get an accidental shock from that, the shock may be much more severe 
because it would seem from recent experimental researches that the 
danger from shock is the danger of disorganising the action of the heart. 
The danger т a shock from the direct current is in the first impulse, 
and may be recovered from ; whereas with the alternating current vou 
get a succession of shocks which may be sufficient to disorganise the 
heart beyond all chance of restoration. 

There are, of course, other outstanding difficulties with alternating 
current transmission on railroads, but they are all seemingly of minor 
consequence. There is, for instance, the disturbance affecting the 
magnetic needle in general and those of a magnetic obser- 
vatory in particular, But it seems to me that the worst 
that can happen in that case is the banishment of the magnetic 
observatory from the vicinity of civilised communities to the more 
desert regions of the earth. While that may be a misfortune and an 
expense in particular cases, yet the aggregate advantage to the entire 
community of giving a traction svstem on the one hand, and removing 
an observatory on the other, does not appear to be worthy of 
comparison. 
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Professor W. E. AYRTON : The special point to be decided at this 
discussion, as Mr. Ferranti brought out, is the relative advantage of the 
alternating and continous current, especially with regard to interference 
with other interests. Interference is the main question we have before 
us in accordance with the title. There is no question whatever that we 
have had in various countries a verv large amount of interference, and 
therefore I need not go into the details. Electrolytic interference Dr. 
Kennelly has referred to, as well as others, also telephone interference. 
A verv serious kind of interference has grown up within the last two or 
three vears, namelv, interference with submarine cables, А very serious 
case happened in the Cape of Good Hope, where a large amount of 
damage was done, and there was considerable stoppage of messages 
coming by the Western cable to Europe. There has been interference 
with the magnetic observatories that Dr. Kennellv mentioned at the end 
of his remarks. Тһеге is no question about these interferences, but 
there is the question how are we deal with them? Should vou 
endeavour to destrov the attack, or should vou allow the attack to 
remain and endeavour to improve the defence? Those are two totallv 
ditterent methods of dealing with the subject. In other words, should 
vou endeavour to construct each undertaking in such a wav that it will 
not cause апу interference with anybodv else, or will vou start with 
assuming that there is war? Are we to assume that the other side are 
sure to attack us and that they will not mind our losses and griefs, and 
all that we can do is to try to defend ourselves? To a certain extent 
both practices, both plans, have been followed, in Great Britain at any 
rate, The Board of Trade regulations state that there shall not bemore 
than seven volts difterence of potential between any two points of the 
rails if the rails of the tramway are used as a return. That is an indica- 
tion of an endeavour to prevent the enemy attacking us too much, 
allowing them to fire at us but not with expanding bullets, so to say. 
The regulation does not say how long the line may be with such a 
restriction, whether it is to be a long one orashortone. Still the seven- 
volt rule applies. Now, it has been shown conclusively that the seven- 
volt rule does not give sufficient protection. It certainly does not give 
sufficient protection in the case of a submarine cable which lands 
anywhere near the place where the tramwav runs. It does not give 
sufficient protection in many cases as regards electrolvsis, and obviously 
it would not give sutficient protection in any magnetic observatory 
which might be located in the neighbourhood of the tramwav. In the 
case of telephones it is possible to obtain a very good defence, and to 
make the telephone people more or less independent of attack. It was 
indeed the ease with which that defence can be constructed that led the 
Joint-Committee of the House of Commons and the House of Lords, 
before whom this matter was brought a few vears ago, not to interpose 
restrictions in the construction of tramways, because the conclusion 
they came to from the evidence they heard was that a telephone system 
in Great Britain was so shockingly bad in consequence of the use of the 
earth as a return—there was in fact so much interference of one line 
with another—that even if there were no electric tramways at all, and 
no distribution of electrical energy on a large scale, it would be neces- 
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sary for the telephone companies to resort to modifications. They would 
have to do that apart from electrical distribution, and therefore Ц was 
not necessary to restrict electrical distribution because telephones had 
to adopt their own defence. But regarding the water pipes and gas 
pipes that does not apply at all. They cannot use anything in the nature 
of an insulated “return " which will prevent clectrolvsis. 

Now I come to а very important point which has not been suggested 
by anv of the speakers so far—though perhaps I am wrong in saving it 
was not suggested, as it was implied by Mr. Ferranti—viz., that it would 
be very different if direct. currents were used instead of alternating. 
But апу doubt of the truth of that assertion has not been suggested by 
апу of the speakers. If we were to adopt universally a gencral system 
of alternating currents, should we be free from electrolysis? This isa 
point which has been interesting me for some time past, and I was 
making some observations on that subject this vear іп Geneva, where 
thev have suffered a great deal from damage in the pipes. The matter 
was referred to me to investigate, and I will only remark that it is not 
at all clear that if onlv alternating currents were emploved the pipes 
would be frce from electrolvsis. Some years ago I carried out experi- 
ments and showed an interesting one to certain people in my laboratory. 
I took an ordinary sulphuric acid voltameter, the Hoffmann voltameter, 
with two tubes and а platinum clectrode in each tube. The hydrogen 
was evolved in one tube and the oxvgen along the other. We sent ап 
alternating. current. through, and the same thing occurred as with а 
direct current, namely, the hydrogen came off in one tube twice as fast 
as the oxygen in the other. It is clear that we cannot assume that 
there will be no electrolysis because an alternating current is emploved, 
and I find on this table a sample, of which I did not know previously, 
which has been sent by Mr. Trotter, of the Board of Trade, illustrating 
that verv thing. The label says, “Опе of a pair of lead pipes buried 
in a box of earth corroded by one ampere alternating current passing 
from pipe to pipe for six weeks.” That isthe result. That is not unlike 
the corroding seen in Geneva during my investigations. | Mr. Trotter 
mentions in his letter that the specimen was corroded by an alternating 
current coming from Depitord. That does not mean that the Deptford 
current is worse than any other. He states that the current came from 
Deptford to show that it was not any fancy laboratory current. I 
admit mine was a laboratory current, but it was produced at any rate 
Буа Ferranti dvnamo, The letter proceeds “to show it was no fancy 
laboratory current—I add it with regret because Mr. Ferranti will 
argue, I suppose, that less damage is done bv alternating than Бу 
continuous current. There are no more particulars to give except 
that the pipes are six inches apart and the sides where the currents 
passed cach other are more corroded than the other parts." 

It is clear, then, that alternating current will not give us protection 
with certainty, and it is clear also that it is a very important question to 
examine under what circumstances do alternating currents produce 
electrolvsis, and under what circumstances thev do not. That is a 
subject which has attracted a good deal of attention subsequently to my 
publishing the little experiment I told you about in connection with the 
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voltameter, and I shall be very glad to hear from the meeting the results 
of any experiments which will enable us to settle what should be done 
with a lead pipe so as to make it, if possible, inmune to action by an 
alternating electric current. For it is not possible to do that if such 
action occurs. If I polarize my platinum plates by means of a direct 
current first, then decomposition by means of alternating current takes 
place with perfect ease. I do not mean to sav that the same amount 
of gas came off for a given number of coulombs which would have 
come off with the same number of coulombs of direct current, but 
I mean that when the observer saw the voltameter without looking at 
the ammeter at all, he saw no difference whatever between the 
hydrogen and the oxvgen coming off with the alternating current as 
compared with that from the two separate tubes with the direct 
current. . 

Speaking now about the defence, about arranging our pipes (water 
and gas), and the submarine cables, so as to prevent the attack hurting 
us. In spite of what Dr. Kennelly said, I think more might be done to 
avoid the attack, and Iam happy to say the London Tramways Com- 
panies have not looked at the matter at all from the drastic point of 
view that Dr. Kennelly has just suggested. The London Tramway 
Companies have nof said, “We are coming. You have magnetic 
observatories near London. If we destroy them we are very sorry, and 
vou had better go somewhere cebe.” They have not taken that line at all. 
The Нос they have taken is, “ Will you try and find out for us what we 
must do, the least we must do, to ensure you immunity from distur- 
bance?” Тһе result, as some of you know, has been that a Joint Com- 
mittee was appointed by the Board of Trade to carry out experiments 
and find out what was the magnetic disturbance produced by existing 
electric railways and tramways in Great Britain, when those tramways 
or railways worked under the Board of Trade regulations. When the 
difference of potential between the rails did not exceed seven volts, what 
Was the disturbance? We found the magnetic disturbance very con- 
siderable and the seven-volts limit was quite impossible in the neighbour- 
hood of the observatory. 

Without giving you a long account of all the experiments, I will 
give you practically the final result. Тһе final result of the experiments 
and negotiations, for which we have very much to thank our British 
President and Professor Rücker, for they have taken a very active part 
in connection with these negotiations, has been this: Within two miles 
of the observatory the Tramway Companies offer to cut up their line 
into one-mile sections—that is to say, no part of the line in that neigh- 
bourhood shall be electrically continuous for more than a mile, each 
mile being insulated electrically from the rest of the tramway system, 
and that current shall be brought to the trolley wire at the middle, and 
taken away from the rails at the middle of each mile section. Further, 
that no point whatever of the rails of any of these sections shall be 
allowed to differ from the potential of the earth by more than onc- 
fth of a volt. We have assured ourselves by calculation and by 
experiment carried out in different parts of London and Great Britain, 
that with such a difference of potential magnetic instruments will pro- 
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sary for the telephone companies to resort to modifications. They would 
have to do that apart from electrical distribution, and therefore it was 
not necessary to restrict electrical distribution because telephones had 
to adopt their own defence. But regarding the water pipes and gas 
pipes that does not applv at all. They cannot use anything in the nature 
of an insulated “return” which will prevent clectrolvsis. 

Now I come to a very important point which has not been suggested 
by алу of the speakers so far—though perhaps I am wrong in saying it 
was not suggested, as it was implied by Мг. Ferranti—viz., that it would 
be very different if direct currents were used instead of alternating. 
But апу doubt of the truth of that assertion has not been suggested by 
anv of the speakers. И we were to adopt universally a general system 
of alternating currents, should we be free from electrolysis? This isa 
point which has been interesting me for some time past, and I was 
making some observations on that subject this vear in Geneva, where 
thev have suffered а great deal from damage in the pipes. The matter 
was referred to me to investigate, and I will only remark that it is not 
at all clear that if only alternating currents were employed the pipes 
would be free from electrolysis. Some years ago I carried out experi- 
ments and showed an interesting one to certain people in my laboratory. 
I took an ordinary sulphuric acid voltameter, the Hoffmann voltameter, 
with two tubes and а platinum electrode in each tube. The hydrogen 
was evolved іп one tube and the oxygen along the other. We sent an 
alternating. current. through, and the sime thing occurred as with a 
direct current, namely, the hydrogen came ой in one tube twice as fast 
as the oxygen in the other. Ц is clear that we cannot assume that 
there will be no electrolysis because an alternating current is employed, 
and I find on this table а sample, of which I did not know previously, 
which has been sent by Mr. Trotter, of the Board ot Trade, illustrating 
that very thing. The label says, “One of a pair of lead pipes buried 
in a box of earth corroded by one ampere alternating current passing 
from pipe to pipe for six weeks," That istheresult. "That is not unlike 
the corroding seen in Geneva during my investigations. Мг. Trotter 
mentions in his letter that the specimen was corroded by an alternating 
current coming from Deptford. ‘That does not mean that the Deptford 
current is worse than any other. He states that the current came from 
Deptford to show that it was not any fancy laboratory current. I 
admit mine was a laboratorv current, but it was produced at any rate 
Буа Ferranti dynamo. The letter proceeds “to show it was no fancy 
laboratory current—I add и with regret because Mr. Ferranti will 
argue, I suppose, that less damage is done bv alternating than by 
continuous current. There are no more particulars to give except 
that the pipes are six inches apart and the sides where the currents 
passed each other are more corroded than the other parts." 

It is clear, then, that alternating current will not give us protection 
with certainty, and it is clear also that it is a very important question to 
examine under what circumstances do alternating currents produce 
electrolysis, and under what circumstances they do not. That is а 
subject which has attracted а good deal of attention subsequently to my 
publishing the little experiment I told you about in connection with the 
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voltameter, and I shall be very glad to hear from the meeting the results 
of any experiments which will enable us to settle what should be done 
with a lead pipe so as to make it, И possible, immune to action by an 
alternating electric current. For it is not possible to do that if such 
action occurs. If I polarize my platinum plates Бу means of a direct 
current first, then decomposition bv means or alternating current takes 
place with perfect ease. I do not mean to sav that the same amount 
of gas came off for a given number of coulombs which would have 
come off with the same number of coulombs of direct current, but 
I mean that when the observer saw the voltameter without looking at 
the ammeter at all, he saw по difference whatever between the 
hvdrogen and the oxygen coming off with the alternating current as 
compared with that from the two separate tubes with the direct 
current. 

Speaking now about the defence, about arranging our pipes (water 
and gas), and the submarine cables, so as to prevent the attack hurting 
us. In spite of what Dr. Kennelly said, I think more might be done to 
avoid the attack, and I am happy to say the London Tramways Com- 
panies have not looked at the matter at all from the drastic point of 
view that Dr. Kennelly has just suggested. The London Tramway 
Companies have not said, “We are coming. You have magnetic 
observatories near London. If we destroy them we are very sorry, and 
you had better go somewhere else.” They have not taken that line at all. 
The line they have taken is, “ Will you try and find out for us what we 
inust do, the least we must do, to ensure you immunity from distur- 
bance?” Тһе result, as some of you know, has been that a Joint Com- 
mittee was appointed by the Board of Trade to carry out experiments 
and find out what was the magnetic disturbance produced by existing 
electric railways and tramways in Great Britain, when those tramways 
or railways worked under the Board of Trade regulations. When the 
difference of potential between the rails did not exceed seven volts, what 
was the disturbance? We found the magnetic disturbance very con- 
siderable and the seven-volts limit was quite impossible in the neighbour- 
hood ot the observatory. 

Without giving you a long account of all the experiments, I will 
give you practically the final result. The final result of the experiments 
and negotiations, for which we have very much to thank our British 
President and Professor Riicker, for they have taken a very active part 
in connection with these negotiations, has been this: Within two miles 
of the observatory the Tramway Companies offer to cut up their line 
into one-mile sections—that is to say, no part of the line in that neigh- 
bourhood shall be electrically continuous for more than a mile, each 
mile being insulated electrically from the rest of the tramway system, 
and that current shall be brought to the trolley wire at the middle, and 
taken away from the rails at the middle of each mile section. Further, 
that no point whatever of the rails of any of these sections shall be 
allowed to differ from the potential of the earth by more than onc- 
ЯНА of а voll. We have assured ourselves by calculation and by 
experiment carried out in different parts of London and Great Britain, 
that with such a difference of potential magnetic instruments will pro- 
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bably not be disturbed to an amount that will be practically serious ; 
that is to say, by an amount that will interfere with the ordinary obser- 
vations carried out in а good magnetic laboratory. So I am very happy 
to say that the tramways, although they are about to use American 
plant, have looked at the matter from what I may callin this case a 
non-American point of view. Апа instead of relying on a supposed 
superior Importance possessed by tramwavs over a study of the earth's 
magnetism, they have worked cordially with the Government represen- 
tatives in ascertaining what precautions must be taken to ensure 
immunity for the London magnetic observatories without introducing 
too much interference with the commercial working of the tram- 
Ways. 

There is one other point with reference to alternating currents for 
electric tramways which has not been yet suggested. I was informed 
that one of the reasons why in the United States alternating currents were 
not employed was because they found a difficulty in getting a good 
contact between a trolley pole and the wire when the wire had snow upon 
it, more difficulty, that is to say, with alternating than with direct current. 
Since that time, which was in 1897, certain electric railways have been 
constructed on the Continent of Europe which use alternating current, 
and it will be interesting if any one here can tell us whether any dith- 
culty has been experienced in the winter when snow rested on the 
trolley wire ; that is to say, more difficulty than would have been 
experienced had the direct current been employed. 

М. DestkE Korba: Lorsqu'il s'agit d'une distribution dans une 
grande ville, le courant alternatif, monophasc ou triphase, grace à la 
facilité de sa transformation, offre des avantages sur le courant continu 
à haute tension qui exige pour sa transformation des transformateurs 
rotatifs ; quant au courant monophase, la grande objection qui s'oppose 
souvent à son adoption est la difficulté de son application à la force 
motrice, le vrai moteur à courant alternatif simple n'étant pas encore 
inventé. Par suite, dans bien des cas, оп préfere adopter le courant 
polyphasé malgré la difficulté qu'il y a à régler convenablement les 
trois ponts, et à maintenir les tensions cgales ; on a quelquefois recours 
à des systemes plus ou moins compliqués, polycycliques ou autres. 

C'est sur la question des courants polyphasés que je voudrais dire 
quelques mots, ou plutót sur un cas dans lequel leurs avantages et leurs 
inconvénients par rapport au courant continu se montrent d'une façon 
beaucoup plus évidente, sur le cas de la distribution de force dans ипе 
grand usinc, comme, par exemple, une sucreric importante. 

Les courants polyphasés, comme vous le savez, messieurs, se sont 
repandus trcs rapidement pour la distribution de l'énergie dans de telles 
usines ргасе à la simplicité des réceptrices qui ne nécessitent qu'un 
entretien presque nul ; au contraire, pour les courants continus, le col- 
lecteur demande beaucoup d'entretien, une propreté plus grande сі 
plus difficile à obtenir, spécialement dans le cas d'une usine comme la 
sucrerie dont je parle et dans laquelle on rencontre à chaque instant 
des liquides plus ou moins visqueux et des poussieres qui se fixent prés 


du collecteur. | 
Assez souvent, j'ai été ашепе а comparer ces deux systemes dans 
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des projets et j'ai eu là l'occasion de voir leurs avantages et leurs incon- 
vcnients respectifs. 

Les quelques points sur lesquels je me permets d'attirer votre atten- 
tion sont les suivants. 

Au point ас vue de l'entretien, comme je viens de le dire, et pour le 
cas que j'ai cite, il n'y a pas à hésiter, tout l'avantage est pour le courant 
polyphase. 

Seulement, voici un inconvénient qui se présente. Dans une usine 
comme celle que jai prise pour exemple, il est impossible d'adopter 
des courants à haute tension, précisément à cause de ces liquides vis- 
queux et de ces poussieres dont j'ai parlé ; la propreté sur laquelle on 
peut compter est tres relative, et l'encrassement qui en résulte interdit 
l'emploi de ces courants à haute tension. Aussi la direction de l'usine 
hmite l'ingénieur électricien à une tension qui ne dépasse рисге 200 
volts, parceque les tensions efficaces dépassant 200 volts pour un courant 
alternatif donnent comme valeur maxima des tensions qui commencent 
deja a бїгє considérées comme dangereuses. Or, dans cette usine, vous 
avez à actionner de nombreux moteurs, des centrifuges а sucre, par 
exemple de grandes dimensions, et ces centrifuges demandent du courant 
de grande intensité, surtout au démarrage. 

И faut donc canaliser des courants puissants. Or, le propriétaire de 
l'usine veut depenser le moins possible pour la canalisation, et, à cause 
du prix, préfere les cables nus aux cables isolés. Comme on ne peut 
pas tordre ensemble les trois cables nus comme on aurait pu le faire 
avec les cables isolés afin d'éviter l'effet de la self induction, on est 
oblige de les placer aussi pres чие possible les uns des autres. Mais il 
va forcement unc limite à leur écartement à cause de la tension et de 
l'etat de propreté peu өш. Voilà donc encore une 'nouvelle cause de 
courant dewatté pour l'ingénieur électricien chargé du projet d'installa- 
tion, surtout si la station centrale d'énergie électrique se trouve ип peu 
cloignée des ateliers dans lesquels la force motrice est employee. бі 
clle est, par exemple, à une distance de 200 ou de 250 metres, la self-in- 
duction de la ligne va jouer deja un grand role dans unc usine d'une 
certaine importance. 

A l'augmentation de l'intensité du courant provenant du décalage 
des moteurs vient donc s'ajouter la chüte de tension provenant de la self 
induction de la ligne. 

En outre, dans bien des cas, l'on ne vous accorde pas une machine 
motrice spéciale pour l'excitatrice ; le propriétaire de l'usine se dit que, 
sil employait du courant continu, la тете machine lui donnerait l'ex- 
citation, et qu'il n'aurait pas besoin d'une machine speciale. Se basant 
sur се» considerations, il vous demande donc d'établir un devis en pré- 
vovant l'excitatrice sur la méme machine que la génératrice. П en 
resulte une troisieme raison qui vous limite en ce qui concerne le vol- 
tage du reseau, En effet, au moment de la plus forte charge de l'alter- 
natcur, la machine à vapeur se ralentit ; l'excitatrice se ralentit aussi, сі, 
quand l'on a le plus besoin de voltage, l'excitatrice, comme l'on dit vul- 
gairement,nous laisse en plan. Cette diminution du voltage est, en effet, 
comme vous le voyez, en raison directe du carré de la diminution du 
nombre de tours de la machinc. 


M. Korda. 


M. Korda. 


Professor 
Crocker. 


16 THE PARIS MEETING: DISCUSSION ON  [Aug. 16th, 


Voila done trois raisons qui font que, pour des applications du genre 
de celle dont j'ai parle, on est forcé de choisir une machine d'une 
Capacité plus grande que si l'on emplovait du courant continu. 

Voici maintenant que le remede commence à se faire jour. Comme 
vous le savez, l'on a commencé, dans ces derniers temps,—et c'est 
l'Exposition Universelle de 1900 qui en a fait la premiere application 
pratique—à s'occuper du compoundage des alternateurs; je crois, en 
effet, que, dans des cas analogues, le compoundage est tout indique, et 
non seulement le compoundage mais l'hvper-compoundage, car, поп 
sculement il faudrait pouvoir compounder les alternateurs, mais il 
faudrait aussi pouvoir arriver à Phyper-compoundage en ce qui concerne 
la canalisation pour tenir tète à Pabaissement du voltage provenant de 
la self induction de la canalisation et des moteurs. 

Je crois, par consequent que, le jour ой cette application dont nous 
avons vu la premiere apparition pratique à l'Exposition Universelle se 
generalisera, la situation du courant polyphase, par rapport au. courant 
continu s'ameéliorera encore. 

Tout се que je viens de dire na пеп à voir avec une distribution 
d'énergie électrique dans une grande ville, parceque dans ce cas, Гоп а 
une haute tension, et la chute du potentiel est proportionncllement tres 
faible; les intensites étant tres faibles, la valeur de la contre force 
clectromotrice de self-induction correspondante est faible : aussi ces 
difficultés dont je parlais s'eliminent en quelque sorte d'elles mèmes. 
Mais lorsque l'on а une grande usine à desservir, et qu'il faut. employer 
de grandes intensités de courant sous une basse tension les trois causes 
que j'ai citées se présentent, et l'on est oblige, naturellement, d'en tenir 
compte. 

Professor F. B. CROCKER: I think now that the discussion has been 
opencd, and the subject generally covered, that the time has come when 
we may confine ourselves to a few special points. The subject of our 
discussion is with special regard to interference. I do not think that 
is the most important point, but as that is the subject we should apply 
our remarks largely to that. There are two interference etfects that 
electric currents produce. I think they might be classified as the induc- 
tive and the leakage effects. Under the head of inductive I should include 
the magnetic effect, because the inductive effect is the magnetic effect, 
and vice versa. Now, the inductive etfect of the direct current is purely 
magnetic, it produces only magnetic effects in its vicinity. Therefore 
its disturbing effect is upon magnetic apparatus in magnetic observa- 
tories or upon magnetic apparatus generally. But there are not many 
magnetic observatories in the world, and, as Dr. Kennelly observed, 
thev might be relegated to a point where they would not be interfered 
with. It does not seem to me that the progress of the electric art ought 
to be influenced greatly by the existence of a few magnetic observa- 
tories, and certainly it would not be so in many places. So I should be 
inclined to agree with my fellow-member and dismiss that point as not 
very serious, to say thc least. 

The alternating current also has an inductive еНесі, viz., the produc- 
tion of currents in its neighbourhood. It also produces a field, but that 
field being alternating produces no permanent effect upon magnetic 
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apparatus. But the current inductive effect is produced solely by the 
alternating current, and that I should consider the more serious, because 
we have many more telephones or even telephone exchanges than we 
have magnetic observatories. Аз Sir William Preece has said, we can 
largely avoid that inductive effect by metallic circuits. But there аге 
cases where we want wires overhead, and under those conditions we 
can hardly eliminate the inductive effect except by transposition of the 
wires, which is not a complete preventive. Furthermore, in certain 
cases and in smaller towns grounded circuits are used, and it seems to 
me that the inductive effect which produces a current in a neighbour- 
ing conductor is a more serious disturbance than that of the production 
of a magnetic field. I think that is so at the present. time, and I think 
it will always beso. "Therefore I should sav that on that account the 
alternating current is more guilty than the direct; in other words its 
disturbing effect without leakage is greater than that of the direct 
current. Now, the leakage effect, unfortunately, is much more serious 
with the direct current. The leakage of direct current is that which 
produces the electrolytic effect, and is the most serious interference 
that electric currents produce on other apparatus or other interests. 
But that leakage is something we can control to a great extent. The 
production of a magnetic field and the inductive effects are much more 
elusive than mere leakage. Іп high-tension conductors, overhead ог 
underground, the leakage quantity is exceedingly small. It must be so. 
If considerable leakage occurred in an underground conductor at 
several thousand volts it would produce a short circuit or a ground. 
But there 15 a leakage occurring in low-tension conductors. Г think 
that is because we have allowed it to exist. If we insulate high-pressure 
conductors as well as we do, we can insulate low-pressure conductors 
equally well or better. I had occasion to test the underground network 
of New York City, many miles in extent, and the system was split up in 
sections to enable this to be carried out. We found that the leakage 
was not excessive ; it is a very small percentage of the current—con- 
siderably less than 1 per cent., as the test showed at the time. I am 
referring to electric lighting conductors which are not grounded. A 
similar result is found, I believe, by a comparison of the total output 
with the output that is useful. That shows that the leakage is a small 
quantity. In the gas industry that is not the case. A very large per- 
centage of gas—1io or 20 рег cent. in the case of New York—is lost by 
leakage. But that is not true in electric distribution. So I should say 
that the fact that we have now in electric conductors, overhead or 
underground, a considerable leakage, is a temporary condition which 
сап be overcome. I am sure electric conductors, except those pur- 
posely grounded, can be so laid that the leakage is a negligible quantity, 
even for long-continued electrolytic effects. Now, with the grounded 
trolley system, the single-wire trolley, the current must go into the 
earth. But there again by the use of improved methods, return feeders, 
and more perfect bonding, we have reduced that promiscuous flow of 
current through the earth, until now itis very much less than it was 
before, and I think it can be brought down to a quantity which is also 
insignificant. If it can be reduced to the figure which Professor Ayrton 
VOL. XXX. 2 
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mentioncd—one-fifth of a volt—if that were the difference of potential, 
it would be far below any dangerous electrolytic limit. So, apparently, 
the interference is not so very ditferent in the two cases—that is to sav, 
the alternating has a greater inductive effect without actual transfer of 
current, and the direct current has much more serious electrolytic 
effects. But those can be and have been largely overcome by more 
perfect construction. 

I should like to say just a word on the motor question. Sir William 
Preece cited a certain instance where direct current machines had been 
replaced by alternating. I know of several other instances where 
alternating have been replaced by direct, so that evidence is not at all 
conclusive. That point alone could well occupy us for much more 
than the time we have at our disposal. I will simplv say now that so 
far as efficiency is concerned the two kinds of motors are almost 
identical. I have in my possession efficiency curves of the latest 
induction motors from the Westinghouse and General Electric 
Companies, and I compared them with the efficiency curves of direct 
current machines of the same size and the agreement was almost 
perfect; the two curves coincided almost exactly at full load and at 
all loads above one-third of full load. Below that the agreement was 
not so close. 

А MEMBER : What do you call the same size ? 

Professor CROCKER : I mean in rated capacity, also in actual 
capacity. The agreement of the two sets of curves was remarkable 
and complete, except at very small fractions of full power the direct- 
current motor has a better efficiency, but at one-half to full load the 
agreement was almost perfect. 

Sir WILLIAM PREECE : What was the efficiency in per cent. ? 

Professor CROCKER : It depends on the size. The efficiency depends 
on the capacity of the machines. For example, a small machine, a one 
kilowatt alternating-current induction motor, would have the same 
efficiency as a one kilowatt direct-current machine between half and 
full power, and the curves representing that efficiency would agree 
exactly. 

Sir WILLIAM PREECE : What percentage of тоо? 

Professor CROCKER: That depends on the size of the machine. 

Sir WILLIAM PREECE : Take one kilowatt ? 

Professor CROCKER: I do not recollect that figure. 

Sir WILLIAM PREECE : Was it over go per cent? 

Professor CROCKER: No, it was not; but we compare the two 
systems, and I say there is no choice in that respect, except that the 
direct-current motor was higher efficiency at light load; at other loads 
the two are equal. 

Now as to regulation for constant speed, the two machines are 
equivalent. A percentage of reduction of speed occurs when the 
machine is loaded from zero to full load. First-class direct and 
alternating current machines are equally good in that respect for 
constant speed ; but when you regulate for variable speed the direct- 
current motor has a great advantage over the alternating-current 
motor. It is equal in efficiency, it is equal in regulation for constant 
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speed, but the direct-current machine is superior for variable speed. 
That applies not only to stationary motors, with which I am most familiar, 
but it applies also to electric railway machines, and Т think is equally 
important for stationary and for traction purposes. It is in that 
respect that the direct current has its advantage for power purposes over 
the alternating. I do not think it would be fair to the direct current, 
or proper to this occasion to allow that point to pass unquestioned. 

Мг. W. M. MonRbpEY : With several of our American visitors I have 
discussed during our meetings the question of carth drop on the 
return circuits of tramways, and I have found a general disposition 
to suppose the Board of Trade regulations restricting the drop within 
7 volts was not adhered to, and could not be adhered to. І have 
just carried out a very complete series of tests on many miles of 
tramways in England; and one of the things I had to investigate was 
that question of earth drop. I found in that system, running under 
the fullest load conditions, that the drop of potential never exceeded 
5 volts. You will notice in tramway stations that the recording instru- 
ments which we always use, but which I think are not used іп 
America, may momentarily indicate more than 7 volts; those instru- 
ments indicate higher momentary effects than the real value. For 
instance, if you suddenly switch one of those instruments on to a 
steady pressure of 6 volts, it will usually swing to about 10 volts. One of 
the differences between English and Amcrican practice ts, I think, apart 
from the question of scale, that great attention has been given to this 
question of earth drop, and to the continuous recording of what is 
happening. The Board of Trade regulations are strictly enforced. 
I am sure the result has been good. I hope in this discussion we shall 
obtain from our American visitors some actual quantitative results 
arising from electrolysis. The real point which I think was intended 
to be brought out was whether or not electrolysis, quite apart from 
other questions, would not be a determining factor in the development 
of systems of supply, at least where earthed conductors were used. 

I will ask you to bear in mind the one and only absolute cure for 
all troubles of this sort, whether direct or alternating currents are 
used—the insulation of both conductors. I expect to find it applied in 
the future in all railway cases and in all conduit cases, whether for 
direct or for alternating current. Quite apart from the avoidance of 
electrolytic effects it has many advantages. To comply with Board of 
Trade regulations we have to use boosters and great quantities of 
copper to assist the return circuit. There would be no objection to 25 
or 50 volts—or even more, instead of 7—if we had not to consider 
electrolysis. We could, if we wished—and if it were economical to do 
so—bave as big a drop оп our return as on our trolley line if we used 
an insulated return ; and we should get rid of bonding and of sparking 
at dirty rails, and of electrolysis. Information as to the results of the 
working of the double trolley system at Cincinnati, where it is or has 
been employed on a large scale, would be of great assistance to us. 
We should like to know if, іп America, in your conduit or railway work, 
you are making any efforts to avoid the objectionable earth return. 

Whether in the future there will be any preponderating system 
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still seems quite uncertain. It may be the system is going to be 
alternating for transmission and direct for distribution ; but I cannot 
help thinking that ultimate simplicity will lead to the use of 
alternating currents for almost everything, at least where we have long- 
distance transmission or large areas. In railway work where we begin 
with alternating currents, the simplicity of transformation will probably 
ultimately lead to the use of alternating throughout. There is, 
however, much to be said for Mr. Lennard's svstem, with his rotary 
convertor on the car, if direct currents have any part. My own 
feeling, in spite of present fashions in England, is that sooner or later 
we shall have in all large svstems the alternating current right through. 
I believe the rotary transformer 18 à make-shift, to be cleared away 
sooner or later for railway work ; it is quite unnecessary for lighting 
and only indispensable for electrolytic work. 

Some of you may go on to Switzerland from here, and may see the 
examples of alternating work there. You will sce the Burgdorf-Thun 
Railway and the Engelberg and Jungfrau Mountain Railways, where 
many questions are disposed of. If vou can start а train on a mountain 
rack railway you can start one anywhere. 

We have, during the last few days, seen the Central London 
Railway, and highly appreciate the facilities afforded us by the Com- 
pany during our visit. But all of us who have had to do with the 
estimating of engincering work will have felt that if all the cost of 
those sub-stations—their static and rotary transformers and so on, their 
first cost, their maintenance, their working cost in power and labour— 
could be realised and put into conductors, we should have, for that 
case at least, a simple system which would be safer and probably more 
economical in first cost, certainly in working cost afterwards. 

The question of capacity has been referred to. It is more serious 
in alternating underground work than is generally realised. I recently 
had to investigate some difficulties due to capacity on a system .of 
two hundred and fiftv miles of underground cables in St. Petersburg. 
There is really much less difficulty than is generally supposed in over- 
coming most of the effects of capacity of such mains. I wish I had time 
to sav more on the subject, but must leave it to an opportunity which 
I hope may be granted later. 

I should like to refer to one “existing interest," І mean the 
interest of the public and of the scientific laboratories and obser- 
vatories. There can be no question that ultimately these institutions 
will have to be removed from the centres of large populations where 
there are great applications of electricity, unless the methods adopted 
in those institutions can be so ordered as not to be interfered with 
by such applications, Fortunately we have at the Board of Trade а 
striking object-lesson. As far as I know, the Board of Trade electrical 
standards laboratory is the only electrical institution in England which 
is legally obliged to be accurate. It is laid out in such a way, the 
responsible officials say, that although they are in the heart of London 
they do not mind what clectrical applications are made in London ; 
their arrangements are such that they can carry on their work with the 
accuracy demanded by law without any reference to what is going on 
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outside. That does not touch the question of measuring the magnetism 
of the earth. But surely that should be measured where it is the mag- 
netism of the earth and not that due to the application of electricity 
to the use and service of man. There was a case in London of an 
institution, whose work I would not for a moment depreciate, where the 
influence of that institution was exerted successfully to prevent what 
would have been a very great convenience to the population of 
London, the running of an underground electric railway. It is difficult 
to speak calmly of such an action. There was no sort of proportion 
between the two interests; yet, though the object of the scheme was so 
excellent, the smaller interests were allowed to stand in the way of the 
benefit and the convenience of the population of London. 

Mr. C. О. MaiLLovx: The subject has been so well discussed —it 
has been nearly exhausted already—that there is very little to Бе 
added. There is one point only which I think has not yet been fully 
discussed. In our country we would take a broader interpretation of 
the topic of discussion than is being taken here. The effects produced 
upon certain industries oftentimes eftect the feasibilitv of the industry, 
and in this connection I have been able to note the practical difference 
between the two systems, and the one which in fact determines the 
feasibility of either one, or its want of adaptability, according to the 
case. One of the important points, which it seems to me has been 
neglected, is the influence of the power factor in the сазе of the alter- 
nating current. My colleague, Professor Crocker, has pointed out quite 
Clearly the similarity in results obtainable between the alternating and 
the direct-current motors. He has also pointed out that at constant 
speed they work quite alike. But he has neglected to note that the 
influence. of tthe power factor on alternating currents is a matter о! 
importance. As we know, when the electromotive force of the source 
of supply of a direct-current shunt-wound motor varies, the magnetic 
held of the motor varies, but that has the effect of merely changing the 
armature current to ап extent necessary to maintain the speed ; so that 
although there is speed fluctuation, it is not so great as when the 
electromotive force varies in the case of the alternating-current motor, 
because the speed is in this case a higher function of the electromotive 
force. In our country we have several isolated plants which assume 
the dignity and importance of central stations. It is not uncommon 
for us to have isolated plants of one thousand to three thousand horse 
power, which distribute energy over a zone of about half a mile radius. 
It 15 under such conditions that these difficulties are to be noticed. I 
remember an instance where a certain process for manufacturing 
сойее was employed, the electric current for which was furnished from 
a power station which also supplied lights to the district. It was found 
that owing to the enormous wattless current produced at the starting of 
the motors, on many occasions the line and even the generators would 
be overloaded, the result being that the current supply was cut off by 
the fuses blowing off, and that the machinery which was used in that 
coffee mill was put out of action, oftentimes at critical moments, when 
the stoppage meant great loss. The alternating-current motor system 
became absolutely inadmissible in this case from that circumstance, and 
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had to be abandoned. One of the great objections, as you know, to the 
alternating-current motor of to-day is the fact that it takes such a large 
current at the time of starting. Its large wattless component is a 
serious matter, affecting as it does the working capacity of a line where 
the motors are constantly stopping and starting. Where all the motors 
are running together at an approximately constant load and at constant 
speed, the problem is simple, and there are no industrial reasons why 
the alternating current should not be placed upon an equal footing 
with the other. But where the motors are constantly stopping and 
starting, and especially where the distribution of power is constantly 
changing, and also where vou load certain feeders more than others, the 
disturbance becomes усгу important. It has о be seriously taken into 
consideration by the designing engineer in laving out the plant. I 
have had occasion to instal a plant in a sugar refinery which required 
2,000 H.P., and it was decided to adhere to continuous-current 
motors partly for these reasons, and also for the reason that in cases 
where variable speeds are required, апа where the machinery is 
required to run at intermediate speeds, there сап be no question that 
the direct-current system is at the present time the most suitable, 
if not indeed the only feasible опе. I wish in this connection to speak 
of the pertinent remarks made by our French colleague in reference to 
onc of the features, one of the industrial conditions, which oftentimes 
influences the selection of systems. I refer to the cost of the wiring. 
It is true that to-day, at least for the larger distributing conductors in 
buildings, and within a short radius, as well as for underground 
purposes (where we are obliged to use concentric or twisted con- 
ductors), the cost of the wiring is necessarily much greater than in the 
smaller branches and net works, such as the local lines or mains which 
run to individual motors. In our country the problem is, to some 
extent, solved, since we use iron conduits any way for these lines. 
Our insurance regulations prescribe, indeed. practically compel, the use 
of iron conduits for the smaller lines, and, usually, we have two 
conductors, twisted or concentric, as the case may be, laid in iron 
conduit, whether the circuit work be used for direct or for alternating 
currents; but in the case of the larger conductors the arrangement 
necd not necessarily be the same in both cases. With alternating 
current we must still use a twin or duplex conductor laid in iron 
conduit, to keep down the reactance drop. With direct current there 
is no reactance, and we are not compelled to use twin conductors. It 
is often found to be very much cheaper to use two separate conduits, 
and two readv-made single conductors (especially in the case of the 
larger feeders or mains), than to use one single conduit very much 
larger in size and a cable specially made at relatively great expense. 
The mechanical difficulties in laying the larger conduits, their greater 
obtrusiveness and the greater space occupicd by them, especially at 
bends, turns, offsets, &c., would be sufficiently objectionable even if 
they did not, as they do, in most cases, make the cost relatively greater. 

Professor SILVANUS THOMPSON: We have had по observations 
whatever upon the relative interference of alternating and continuous 
currents on board ship. It is of absolutely vital importance that there 
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shall be no interference with the magnetism of the compass, and 
yet, extraordinary as it may seem, almost all ships that are equipped 
with the electric light are equipped with continuous current apparatus. 
I never could understand why that was. Some of the earliest vessels 
had alternating currents on a three-wire system, with the skin of the ship 
serving as a middle wire, but this system was succeeded by one with 
the very worst kind of continuous-current generator which could be 
put on board, viz., the bi-polar. I hope to sec a complete revulsion 
in ship-fitting from this plan. 

No reference has been made to the somewhat greater danger of 
fire that exists where conductors are carried through damp places 
if those conductors are served with continuous current. Electrolysis 
beginning at some leak will develop a current which eventually heats 
and destroys the insulation at that point, and thus originates a fire. 
With an alternating current you are less likely to have that occurrence. 
On the other hand, I suppose switch-makers will tell us that alternating 
switches are more expensive than continuous. Хо one has mentioned 
that while for arc-lighting admittedly there is some advantage in using 
continuous currents, for glow-lamps there is an advantage in using the 
alternating current. Not that there is any higher efficiency : that 
fallacy has long been disposed of ; but if you use a continuous current 
tor glow-lamp purposes, and the distribution is to take place over any 
large area, it becomes absolutely necessary to go to the high-voltage 
lamps working 200 to 250 volts. Now any опе who has taken the 
trouble to measure the reputed efficiency of high-voltage glow-lamps 
will know how inferior they are to the roo-volt glow-lamps ; things 
which are supposed to be taking 34 watts per candle being found 
actually to take 6, 7, and 8 watts per candle. I think there will be 
a great revulsion when the facts are known about the inefficiency 
of high-voltage glow-lamps. I prefer to have 50-volt glow-lamps ; they 
are better in every way, and last longer. This is impracticable with a 
continuous current, but with the alternating current it can be done 
where there are house-to-house transformers; and so, using low 
voltage lamps, you can work to a much greater distance with alternating 
than with a continuous current. 

I was sorry to hear Dr. Kennelly rake up the fallacy of there being 
a greater danger to persons from the alternating than from the con- 
tinuous current. But that is a revival of a bit of the old electio- 
politics. When people wanted to damn the prospects of alternating 
currents and show how much better they were for electrocution, this 
was the line they took. I hope those arguments have disappeared. 1 
think there is some evidence that the alternating current is not so 
dangerous as the continuous current ; that the shock which is given by 
the alternating currents throws backwards the unfortunate person who 
receives 16, and 406$ not contract his muscles upon the conductor 
in the way that a continuous current does. Тһе researches of Prof. 
H. F. Weber must not be overlooked. I prefer to leave that question 
to M. d'Arsonval, who understands these 'electro-physiological effects 
better than we electrical engineers. 

Professor Ayrton raised the question of the electrolysis produced 
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bv the alternating currents. Might I point out that the question 
whether alternating current will, in any given circumstances, produce 
continuous clectrolvsis depends very largely upon the question of the 
relative arca of thv electrodes employed and the density of the current. 
Because whether gas is disengaged at that arca or not during the 
period depends on the density to which that gas accumulates, and 
whether it is given off. In fact the question whether the polarisation 
becomes irreversible or not 15 very largely a question of scale. 

Lastly, I will draw attention to certain points connected with 
electric traction on a large scale. I re-echo the suggestion of Mr. 
Mordev, that it is well worth while for one who has not seen those 
electric railways in Switzerland to visit them, and to see how admirably 
the three-phase current is adapted for starting trains under the most 
severe circumstances possible. It is known from the experiments 
of Professor Carus-Wilson that the difficulty of the acceleration of 
the motor at starting is after all imaginary; and that it requires an 
extra percentage of current is also a fallacy. Every motor started 
upon a load takes more current than when running on that load; 
and this is true also of the tri-phase motor. The current required 
to produce rapid accleration is even more important than the starting- 
torque ; and the three-phase system, instead of being worse, is distinctly 
better. 

We have had in London several recent. object-lessons on electric 
traction. One of them has been, from one point of view, a gigantic 
success, but also a total failurc. Little more than a year ago we 
were told that one of our millionaire railway companies had put down 
a sum of, I think, £30,000, to have experiments tried upon the Under- 
ground Railway. I referred. nearly а year ago to this supposed 
experiment, and pointed out that the one experiment which was 
wanted for electric traction was to ascertain whether a three-phase 
motor arrangement would be better than a continuous one. We knew 
pretty well, but we wanted it tested, we wanted a verification. That 
experiment has not yet been tried. There were called іп several 
engineers of the highest distinction, and they were aided by the 
constructional ability of Messrs. Siemens Brothers. But the only thing 
Which has been tried, notwithstanding that all the resources of a great 
railway company stood behind the experimentation—I say it before 
Sir William Preece’s face—all that they have succeeded in doing is 
merely carrying out ona large scale what was donc at Gross Lichterfelde, 
by Siemens and Halske, fifteen. vears ago, viz., establish the fact that 
you can drive bv the continuous current, using conducting rails put 
beside the ordinary rails. The London press has pronounced this 
experiment to be a perfect success. I regard it, on the contrary, as 
an abject failure, inasmuch as it gave us no further information. 

Lastly, if you are going to have, as I think we shall have, trains 
running at 100 or even I50 miles an hour, driven electrically, there 
will be no chance of success if we have to depend upon a motor 
which has got a commutator upon it. I speak of a new growing 
interest, viz., exceedingly rapid transit, and I venture to sav that 
for exceedingly rapid transit the only chance of possible success із 
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to take advantage of that which is the finest thing of all in electrical 
engineering, the perfect flexibility and adaptabilitv to requirements 
afforded by the current when that current is an alternating one. 

Mr. Н. Warp LEONARD: I have a fair acquaintance with what can 
be accomplished with the continuous current as regards large starting- 
torque with a small amount of energy, and have given considerable 
attention to the operation of large motors which have to be started 
under very heavy loads, and operated at different specds and reversed. 

I have lately seen one of the recent installations emploving three- 
phase motors upon railway work in Switzerland, and I must say that 
when the car was started it seemed to me as though there were about 
onc donkey-power doing the accelerating. It did not convey the 
impression to my mind of being able, with moderate power, to produce 
the heavy starting-torque required for the rapid acceleration which is 
such an important factor in electric railway work and many other 
important applications of electric motors. 

Perhaps ту views on this point are a little biassed, but it seems 
to me that when we consider large railway motors the most important 
points are: rapid acceleration, small starting energy, perfect and 
simple control and ease of reversing, and the restoration into {һе 
circuit of the energy at present wasted upon the brakes. 

We find the possibility of obtaining all of these points in the 
continuous current to a degree to which there is no promise as yet 
in the alternating current. | 

When we consider the question of electrolysis, we are met with 
difficulties in attempting to use a continuous current in the ground 
return circuit, which seem insuperable except by capital expenditures 
which are entirely uncommercial. 

When we wish to transmit very large amounts of energy over the 
long distances which are desirable, we all agree that the alternating 
current is the only suitable one for the purpose. 

These considerations have, for many years past, made me believe 
that we ought to use the alternating current for the generation and 
transmission of our energv, and that we should have upon the moving 
vehicle some means of transforming the alternating current into a 
continuous current of controllable E.M.F., and that we should use this 
continuous current of variable E.M.F. for operating the propelling 
motors at the variable speeds required in practice. 

These arrangements would give us large starting-torque with a 
small consumption of energy, and even in the case of the largest 
motors will give perfect control at any desired speed and simplicity 
in reversing. Ц eliminates all difficulties duc to the electrolytic action 
of thc continuous current in the ground circuit. It gives us the power 
to employ motors of practically unlimited power at practically un- 
limited distances for railway and other variable speed uses, and entirely 
eliminates the expensive and inefficient sub-stations of to-day. 

It seems to me that the clectric railway is the application of electric 
power which is going to exert the determining influence upon the 
methods of using electric energy in the future, especially the railway 
motors of very large size ; and it seems to me a significant fact that, 
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after twelve years of development by the leading engineers of all 
countries, there are no alternating. current motors exhibited at this 
exposition for railway service or any other duty having similar require- 
ments. 

Professor PERRY : Mr. Carl Hering, M. Mascart and I waive our 
right to say anything on this question, although we could, оЁ course, 
join heartily on one or other side. I beg to say that we think it better 
to have no vote upon this discussion as it is an incomplete discussion— 
one which is adjourned. Тһе specimen sent by the Board of Trade 
will be on view in our room in the British Pavilion. 


At the conclusion of the discussion, brief references to certain 
objects possessing special or novel interest in the electrical sections of 
the International Exhibition were made successively by M. Hospitalier, 
Major-General Webber, Mr. Gavey, апа Mr. Hering. Summaries of 
their remarks are appended, with the exception of those of Mr. Gavev, 
who has expanded his account of Class 26 into a paper to be read 
before the Institution in November (вес page 73). 


NOTICE OF EXHIBITS IN CLASS 23 IN THE 
PARIS EXHIBITION. 


PRODUCTION ЕТ UTILISATION MÉCANIQUES DE L'ÉLECTRICITÉ. 


By E. HOSPITALIER. 


In the Universal and International Exhibition of 1900, 
a whole group (Group V.) is devoted to the subject of Elec- 
tricity ; and this group is divided into five classes, numbered 
23 to 27, of which the hrst-named (Class 23) 15 entitled, Pro- 
duction et Utilisation Mécaniques de l'Électricité. In the short 
space of time at my disposal I can only refer to the machines 
and apparatus possessing the most novel interest in this 
class, and I ask your indulgence if my enumeration of these 
is somewhat suggestive of a catalogue. 

Continuous Current Dynaimos.—Progress since 1880 in 
this class of machine is evidenced mainly ш the constantly 
increasing power of the machines. The dynamos exhibited 
by the firm of Siemens Bros. апа Со., of London, and 
M. Thury's constant-current dynamo shown by the Com- 
pagnie de llIndustrie. Electrique, of Geneva, merit special 
examination. 
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Alternators.—The most powerful alternator shown is that 
of the Allgemeine Elektricitats Gesellschaft (3,000 KW.). 
We should regard as evidence of progress made since 1889 
the amortisseur of M. Maurice Leblanc (Joseph Farcot) which 
facilitates the coupling of alternators and their maintenance 
in synchronism, and the compounding exciters of M. 
Boucherot (Maison Bréguet) on the one hand, and of M. 
Maurice Leblanc (Maison Grammont) on the other hand, 
which permit the maintenance of constant potential, irre- 
spective of variations of the load and of the shifting of phase. 
The powerful asynchronous three-phase motors of the 
Westinghouse Electric Co., which operate the moving plat- 
form and the electric railway within the Exhibition, are of 
very great interest and deserve a special visit. In 1889 
simple alternating currents, now known as monophase, were 
alone in evidence, but to-day the greater number of the 
generating groups and of the machines exhibited are run by 
polyphase alternating current dynamos. АП these generating 
groups are worth a visit, and to avoid invidious distinctions 
| prefer not to mention any one of them in particular. 

As a step towards determining the limit of pressure that 
may be obtained direct from alternate-current generators, 
without using transformers, the Société l'Éclairage Elec- 
trique has constructed an alternator generating at 30,000 
volts, which is worthy of special attention. 

Transformers апа Converters.— Transformers for con- 
verting alternating into alternating current call for no special 
remark; but the Société Alsacienne de Constructions 
Mécaniques show a very interesting booster for three-phase 
currents. 

Motor-generators and Rotatory Converters, which were 
not in evidence at all in 1889, play a very important part in 
1900, and І would call attention specially to the six-phase 
converter of the Société Alsacienne de Constructions 
Mécaniques, to the converter shown by the Société d’Elec- 
tricité Alioth, and to M. Maurice Leblanc's converter. with 
fixed magnetic and electric circuits. 

Cables.—Great progress has been made since 1889 in the 
manufacture of cables, and very remarkable experiments 
are daily made by the Allgemeine Elektricitats Gesellschaft, 
the firm of Pirelli (of Milan), and the Société des Cables 
Berthond Borel et Cie., to illustrate the resistance of cables 
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at high pressure to disruptive discharges, and to demonstrate 
their electrostatic rigidity. 

Accessories.—The handling of currents of great intensity 
or of high pressure has compelled constructors to study a 
special apparatus which had no existence in 1889, and of 
which some idea may be gained bya visit to the two switch- 
boards of the Exhibition for conveving the current from 
the groups of generators to the mains, the one for con- 
tinuous, the other for alternating—single-, two-, or three- 
phase—currents. In the section of foreign generators 
Messrs. Siemens and Halske exhibit some extremely 
interesting experiments (in order to demonstrate the efficacy 
of their horned lightning arresters) in the production of 
electric flames, nearly two meters in length at the moment 
of extinction, in which from 300 to 400 KW. of energy are 
utilised, and producing a temperature sufficient to cause the 
direct combination of atmospheric oxygen and nitrogen. 

Motors.—Tramway and automobile motors show many 
novelties іп comparison. with the corresponding class of 
exhibits in 1889, when the earliest industrial tramway motors 
timidly made their first appearance. Alternate-current motors, 
whether simple or polyphase, were then unknown, as well 
as special devices for starting, of which the Exhibition 
contains а certain number of interesting. examples, among 
them being those of M. Boucherot, M. Max Déri, and 
M. Fischer-Hinnen. 

Applications.—The mechanical applications of electricity 
in the Exhibition аге innumerable, the machine-tools 
actuated by electric motors varying infinitely and defying 
enumeration. 

I will now give place to Major-General Webber, who will 
refer to the exhibits in Class 27, as I have endeavoured to 
do to those in Class 23. 
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NOTICE OF EXHIBITS IN CLASS 27 IN THE 
PARIS EXHIBITION. 


APPLICATIONS DIVERSES D'ÉLECTRICITÉ. 


By MAJOR-GENERAL C. E. WEBBER, C.B., Past-President, 
Institution of Electrical Engineers. 


This class includes scientifc apparatus used in Electri- 
cal Laboratory Work; Electrical Measuring Instruments ; 
Instruments and Apparatus used in Electrotherapeutics ; 
the Electric Measuring of Time; Electrical "Instruments 
and Apparatus used in Railways and on Public Works, and 
various other special applications. 

In Class 27 the history of the development of instruments 
of precision and of measurement is illustrated in the hall of 
the Musée Centennal d'Électricité, which contains 249 ex- 
hibits and 210 books and manuscripts. The earliest of the 
former is a Coulomb balance, dated 1785, and of the latter 
a volume on the nature of magnetism, by J. T. Hannonio, 
dated 1562. 

In the memoir on the subject of instruments of precision 
drawn up by the Commission апа published in the French 
catalogue, we find the following :— 

“Les circonstances, еп réservant à l'Angleterre les 
premiéres opérations de cette délicate initiative, lui auront 
valu l'honneur d'avoir jeté les bases solides sur lesquelles 
a été érigé depuis, l'edifice actuel de la science electrique." 

The design of those who are responsible for this part of 
the classification of objects exhibited іп Class 27, namely 
instruments of precision, appears to be one that should be 
applauded by both engineers and physicists, because it is 
intended to emphasise the practical spirit of the scientist 
and the scientific attainments of the engineer, by showing 
that those instruments which in the hands of the savant 
are used for theoretical discovery, also assist the electrical 
engineer in his workshop, and in his practical application 
of the use of electrical energy to the daily use of mankind. 

At the head of the list of exhibitors in Class 27, of what 
may be called instruments of precision, stand Mons. Jules 
Carpentier, of Paris, and Messrs. Siemens and Halske, of 
Berlin. These are followed in merit by Ducretet, Gramme, 
Abdank, and Gaiffe, of Paris; Professor Edelmann, of 
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Munich; James White, of Glasgow ; also Professor R. 
Arno, of Italy, Hartmann and Braun, of Frankfort-on-Main, 
and Ganz, of Buda Pest. 

It was unfortunate that the merits of the Weston 
Electrical Instrument Company of New Jersey were not 
sufficiently displayed by the variety of the objects they 
exhibited. 

The Scientific Instrument Company of Cambridge, of 
which Professor Darwin is the directing genius, have placed 
their Callender's Patent Electric Recorder, and their 
Duddell's oscillograph in Class 15, where their great merits 
might have escaped attention but for my successful efforts 
to have them examined by the jury of Class 27. 

Although the apparent intention of the French classifi- 
cation was to keep all electrical measuring instruments for 
scientific purposes in Group V., a large number of the best 
have been exhibited by foreign countries—especially by 
Germany—amongst the philosophical instruments іп Class 
I5, Group ІП. Amongst these is the Reichsanstalt standard 
dynamometer. 

The instruments manufactured and exhibited by Siemens 
and Halske, by Jules Carpentier, and for Lord Kelvin by 
James White, are too well known for their accuracy and 
perfection of workmanship to require any description. on 
my part. А careful inspection of these exhibits would 
alone occupy many hours. 

After those exhibits to which I have referred as meriting 
the highest awards, our members cannot do better than 
make a careful inspection of the exhibits of measuring 
instruments by Ducretet and by Gaiffe. 

The comparison in each branch of this manufacture, 
which impressed itself оп me between 1878, when I was 
British juror dealing with similar objects and when these 
manufacturers were іп the infant stage of their work, and 
in 1900, is a startling revelation of the development which 
one generation has made in these appliances which are now 
indispensable. 

From the point of view of the needs of the electrical 
engineer, the potentiometers exhibited by Messrs. Crompton, 
by Messrs. Braun and Hartmann, by |. Carpentier and by 
Arnoux, represent distinct types of form for instruments all 
having similar uses. Messrs. Braun and Hartmann’s work 
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is especially noteworthy for its excellence of design and 
small cost. 

But it is in the application of electricity to therapeutics, 
that this exhibition presents appliances of perhaps greatest 
ingenuity. Although in the United States invention has 
perhaps made in the past some original advances in this 
direction, there is nothing worth mentioning shown at Paris 
by that country, except, perhaps, an electro-magnet for 
extracting metallic substances from the human eye, ex- 
hibited by E. B. Meyrowitz, of New York. 

In the French sectian of this speciality, however, we 
find everywhere the triumphant results of the scientific life- 
work of Dr. d'Arsonval, Director-General in the College de 
France, of the senior school and laboratory which teaches 
biological physics, a school which has been entirely created 
by that celebrated scientist. The instruments, the origin 
and design of many of which are due to his researches, are 
made and exhibited by Louis Bonetti, Bréguet, C. Chardin, 
Gaiffe, J. Guénet, Radiguet and Massiot, and notably by C. 
Verdin—all of Paris. Messes. Gaiffe’s cage for subjecting 
the human body to high-frequency radiation, and his self- 
registering milliampere meter, are worthy of note by the 
visitor. To these in the same line may be added Hirsch- 
mann, of Berlin. 

From Germany, in Classes r5, 27, and 30, there are five 
exhibitors of electro-medical, physiological and biological 
instruments. Amongst these is the Allgemeine Elektrizitats- 
Gesellschaft. | 

The apparatus for applying currents of high frequency 
in physiological research, and for radiography, which are 
exhibited by the firms mentioned above, are the most 
striking example of the interest taken in the application of 
electricity to the uses of medical science, as to which there 
is still so much left to the physiologist to discover. 

The absence of Great Britain іп this field is 50 con- 
spicuous, that one wonders if our want of practical enter- 
prise in this direction is due to conditions of humidity of 
climate, which opposes itself to success without the use of 
special and expensive precautions. 

In Class 27 are included some other applications of 
electricity to industrial works. 

There are exhibits, not however of great note, in con- 
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nection with time-keeping. т. Of electric clocks, in which 
electricity 1s the actuator of motion in each ; 2, The hourly 
or daily regulation of any number of clocks connected with 
a regulating timepiece ; 3. The working of time-keepers or 
electro-magnetic indicators worked by means of a distribut- 
ing timepiece. All these are included in the French ex- 
pression. “l'horlogerie electrique." A small exhibit of J. J. 
Stockall & Sons, of Clerkenwell Road, London, which is 
in Class 96, in the Esplanade des Invalides, presents some 
novel features. Except with what is shown by the Herzog 
Teleseme Company of New York, the United States, in the 
forefront of invention, sends nothing. Тһе house of Henry 
Lepante, rr, Rue Desnouettes, Paris, and the Société 
Industrielle des Telephones, and d'Arlincourt, show high- 
class work in these respects. But in front of all, as might 
be expected, the name of Peyer, Favarger & Co., of Neu- 
chatel, stands pre-eminent. 

The use of electrical appliances in connection with the 
working of railways and other public works has received 
great development on the Continent since 1878. Neither 
Great Britain, or her Colonies, which at that period (when 
Mr. Spagnoletti was my co-juror) was well in advance in the 
invention and use of apparatus for railway working, has 
sent one object in this connection to this (truly) Great 
International Exhibition at Paris of 1900. The use of 
solenoids and small motors for working heavy signals and 
controlling gates at a distance, by energy stored and 
delivered from accumulators, is illustrated by Jules Guénet 
and by Postel-Vinay, both of Paris. The latter exhibits in 
Railways. Ап examination of what is exhibited by the great 
French railway companies in this connection causes regret, 
even for instructional reasons, that England and the United 
States have abstained. 

It is impossible, within the limits of time allowed me, to 
do more than bring a few of the special applications of the 
use of electrical energy to notice, and of these there are too 
few, especially of exhibits of materials used in the electrical 
industries. Only mica and micanite, one in the French, one 
in the United States sections, are worth a visit. 

Of the materials for primary batteries there is not one 
important show. 

There, 15, however, one interesting departure in electrical 
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heating and cooking, by РагуШее Bros, of 20, Rue 
Gauthey, Paris. Where the heat is required, either for 
warming air in circulation, or in close proximity to the 
object to be cooked, whether to be roasted, boiled, or 
braised, resistances made of “ metallo-ceramique Parvillée " 
are fixed, which, by the passage of a current of 30 to 35 
volts, are raised at the middle (but not at the ends, where 
they are held like a safety-fuse) to a condition of dull 
incandescence. The only description of these that I have 
seen will be found at page 385 of L'Électricien of June 23, 
1900. Тһе Jury of Class 27 inspected the use of these at 
the kitchen of one of the largest restaurants on the Quay 
d'Orsay, where all the processes of cooking for the dejeuncr 
of a large clientele was in progress. 

There are several fair examples of lightning-conductor 
work, апа in Class r5 Messrs. Hartmann апа Braun, of 
Frankfort, exhibit apparatus for measuring terrestrial 
magnetism and its variations, together with a means of 
testing samples of iron. 

There are several ingenious fire and water level indicators ; 
and B. Ougrimoff, of St. Petersburg, exhibits an electric 
boiler for heating steam to a pressure for house distribution, 
which might be practical, though costly. 

For purposes of Naval equipment Messrs. Siemens and 
Halske make a very complete show, combining means of 
controlling artillery and torpedo projectiles, the steaming 
and the steering from one or several points in a warship, 
with the use of the pressure (110? volts) employed for lighting 
the ship as well as by special moisture-proof telephones. 
Their special arrangements for pneumatically counter- 
poising heavy lever handles, for acknowledging back all 
signals and calls, for synchronising and for lighting each 
handle, dial, and indicator, are well worthy of attention. 
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NOTICE OF EXHIBITS IN CLASSES 24 AND 25 IN 
THE PARIS EXHIBITION. 


ÉLECTRO-CHEMIE AND ÉCLAIRAGE ÉLECTRIQUE. 


Ву Сакі, HERING, President of American Institute of 
Electrical Engineers. 


One of the most interesting exhibits 1s that of the Nernst 
lamp, which is shown in operation in quite large numbers 
in the pavilion of the Allgemeine Electricitáts Gesellschaft 
of Berlin. The filament is made chiefly of magnesia, 
together with some of the rare earths, like thoria ; it is 
shorter and thicker than in the carbon incandescent lamp. 
The lamps are now made for 220 volts, continuous or 
alternating, and for 25 and 50 c.p. and over; they therefore 
do not compete directly with the low-candle-power, low- 
voltage, carbon-filament lamp. Тһе efficiency is 1:5 watts 
per Hefner candle, which is about twice as good as that of 
the present carbon lamps; besides this high efficiency, it 
has the advantage of the high voltage. It is made in two 
forms, in one of which the filament is preheated with a 
match or alcohol torch, the bulb being open ; and in the 
other it is heated with а neighbouring fine platinum wire, 
which 18 automatically cut out of circuit when the filament 
conducts. The filament has a rapidly falling temperature 
coefficient, which 15 a great disadvantage, as it would make 
` the lamp very sensitive to changes in voltage ; to overcome 
this a very fine iron wire is always in series with the fila- 
ment, and is so proportioned that for the normal current it 
is heated to a temperature at which it has а very rapidly 
rising characteristic, so that the lamp as a whole is not very 
sensitive to changes in voltage ; this iron wire absorbs about 
IO per cent. of the voltage. Тһе perishable parts аге so 
arranged that they are easily replaceable at a cost of only 
about 25 per cent. of that of the original lamp. | 

The Bremer arc lamp is a novel departure of some 
interest. The carbons contain certain metallic salts like 
borax, or those of magnesium or calcium, especially calcium 
fluoride, which, at the temperature of the arc, emit white 
oxides, that deposit on receptacles near the arc and act 
partly as a white reflector and partly as a Nernst conductor, 
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forming a broad illuminated surface, the arc being 4 to 
5 c.m. in length. Wedding, who is an authority, found the 
efficiency to be o'13 watts per mean hemispherical candle 
The carbon consumption is about double that of the 
ordinary lamp. 

The Pulsford method of making a vacuum in lamps by 
means of a chemical which absorbs the residual air, ts 
shown in operation; it is not new. Weismann shows а 
system of using very low voltage lamps with a small trans- 
former for each group, claiming thereby to increase the 
light efficiency by about 5o per cent. ; it seems very doubt- 
ful whether the attending disadvantages are not greater than 
the alleged advantages. Тһе enclosed arc lamps which аге 
exhibited, are all American or of American origin ; four types 
are exhibited, in one of which a life of зоо hours is claimed: 
the French claim that the light is too blue and unsteady. А 
number of arc lamps of interest are exhibited in the French 
section, and they all seem to burn very steadily. The 
general type of mechanism is that of the brake escapement, 
which feeds very gradually; all the lamps are intended to 
be run on constant potential circuits, generally two in 
series, but in some cases as many as three, and the 
lamps are then generally differential, having both a series 
and a shunt coil ; some of them are for so small a current 
as two or three amperes, and burn very well. | 

Those interested in search-lights will find some very fine 
exhibits, chiefly in the French section ; also a few in the 
German department. 

The exhibit of chandeliers is almost entirely French, and 
they are, as a rule, very artistic. They are found chiefly in 
the Gallery and in the Invalides. 

Three underground cable exhibits are shown in operation, 
subjected to from 25,000 to 30,000 volts, one іп the German 
section, another in the Italian, and a third in the French. 
In the two former rubber is used, while in the latter the 
insulation is impregnated paper without any rubber, which 
adds to the interest of the exhibit. 

There are a great many exhibits of meters, but it seems 
that the well-known Thomson meter is the one chiefly used, 
the French Company which manufactures it claiming to 
make about three hundred a day. This Company has made 
some improvements in it, and also exhibits two-rate meters, 
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prepayment, and hour meters. It also exhibits the O'Keenan 
meter, which is of considerable interest, as it is a cheap 
ampere-hour meter for small consumers; it might be said 
to be a d'Arsonval galvanometer in which the coil revolves 
and registers the number of revolutions ; it starts with as 
small a power as one microwatt, and registers as small 
a current as 53 рег cent. of that of a single lamp ; 11,000 
are already in use. A modification of the Thomson meter, 
of some interest, is shown by the Luxsche Works in the 
German section; the armature is made of three coils like in 
the old Thomson-Houston are machine, through which the 
current flows in series instead of in multiple, as in the 
Gramme ring form, and therefore the whole armature 
becomes much lighter, with many attending advantages. 
The Aron pendulum meter is well exhibited; improved 
types are shown, including a three-phase meter. Тһе 
Holden periodically registering meter, which is shown in 
operation, has several points of interest. 

In Class 24 (Electrochemistry) there are a number of fine 
exhibits, though they are hardly sufficient іп number to 
represent the true state of the art. Among the more 
important may be mentioned the products of Moissan's 
classical researches ; also his furnace in operation. There 
аге also several carbide furnaces in operation which, 
together with a very large ozone apparatus for sterilising 
water, are all shown in the Annexe for Electrochemistry. 
The Acheson carborundum is shown in the American 
mining section, and some of the products made from it are 
exhibited in the electrical section. There are two fine 
exhibits of the Elmore copper-depositing process, іп which 
the copper is deposited directly as a tube during the refining 
operation. There are quite а number of exhibits of accu- 
mulators, most of which are French, and are all together in 
one group; there are also several good English exhibits of 
accumulators. In the French accumulators section there 
are several which are intended for automobiles, among which 
may be mentioned the Fulmen, Pulvis, and the Phenix. 
An electrolytic engraving apparatus for engraving steel dies 
by means of a plaster of Paris mould saturated with an 
electrolyte, and lightly pressed against it while the current 
passes, thus etching away the metal, is shown in operation 
in the German section. The Goldschmidt process of burning 
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powdered aluminium with oxides of other metals, producing 
extremely high temperatures and reducing the metal in very 
pure form, is shown in operation ; it is used commercially 
for reducing such metals as chromium for the iron industry, 
and for mending broken iron parts of machines, or joining 
rails for tramways. 
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The Three Hundred and Fiftieth Ordinary General 
Meeting of the Institution. was held at the Institution 
of Civil Engineers, 25, Great George Street, Westminster, 
on Thursday evening, November 8th, 1900— Professor 
JOHN PERRY, D.Sc., F.R.S., President, in the Chair. 


The minutes of the Annual General Meeting held on 
May 24th, and of the Extraordinary General Meeting held 
on August 16th, 1900, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that these 
names should be suspended. 


The following transfers were announced as having been 
approved by thé Council :— 
From the class of Associates to that of Members— 


C. Procter Banham. | Е. В. Davenport. 
Edward Henry Tyler. 


From the class of Associates to that of Associate 
Members— 
Frank Armstrong. | John Clarence Lyell. 
Reginald Henry Tudor Drum- | Harold Window Morisset. 
| 
| 


топа. Harold Skipwith. 
Arthur Hattersley. Frederick J. Thompson. 


From the class of Students to that of Associates— 


William Ernest Few. | Captain Walter John Underwood. 
Frank King Westbrook. 


From the class of Members of the Northern Society of 
Electrical Engineers to the class of Members— 


А. Lester Taylor. 
To the class of Associate Members— 


]. А. Gee. | Walter James Hide. 
A, Kelly. | 
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To the class of Associates— 
Joseph McDermott. 


The PRESIDENT: Before the Secretary reads the list of 
donations tothe Library, Building, and Benevolent Funds, 
| should like to say that Colonel Crompton, who, as you 
are aware, has just returned from South Africa, has pre- 
sented to the Institution an exploder used by the Boers for 
blowing up bridges. 

Colonel R. Е. CROMPTON: I have carried this Dynamo 
Exploder from Nelspruit to this room, which is a journey 
of nearly 8,000 miles, in order that the corps of Electrical 
Engineers, who are now on their way home, may present it 
to the Institution. The remainder of the officers and men 
will be in London within a month from this date, and then, 
perhaps, a more formal presentation can be made. 

At one time during my journey from Nelspruit to 
Pretoria the Boers attacked the line just after our train 
had passed, and then its re-capture by the Boers was very 
probable. 

This piece of apparatus may be interesting to you, as we 
believe it was the identical apparatus which was used by 
Théron to blow up and destroy property of immense value 
in the shape of railway bridges, buildings, waterworks and 
the like. We thought that such a trophy would be more 
appropriately presented by members of our profession than 
the usual fragments of shell, rifles, and the like. 

The PRESIDENT: I may say we are to have an even 
more valuable gift from Colonel Crompton during the 
session—a paper оп his experiences in South Africa. 


Donations to the Library, Building Fund, and Benevolent 
Fund were announced as having been received since the 
last meeting from— | 


The Astronomer Royal, Mon. C. Beranger, The Harvey Iron and 
Steel Company, Mr. J. B. C. Kershaw, The Lords Commissioners of 
the Admiralty, Messrs. Methuen and Co., Professor Spooner, Drs. Squier 
and Crehore, Mr. W. F. Stanley ; Messrs. E. Danvers, Н. F. Parshall, 
W. P. Maycock, ]. W. Meares, T. L. Miller, J. Swinburne, Members ; 
Professor ]. Epstein, Mr. M. Otagawa, Foreign Members ; and Mr. A. 
Stewart, Associate. Building Fund, from Messrs. E. B. Ward, L. J. B. 
Wall, Leon Drugman, E. M. A. Malek, W. W. Strode, А. А. Crawtord, 
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J. P. Lawrence, J. G. Wilson, J. H. Garratt, C. M. Renton, A. Wray, C. E. 
Grove, К. Sykes, J. Grant, John Denham, Svdney Evershed, A. Stroh, 
A. C. Curtis-Hay ward, E. Gimingham, W. О. Rooper, Т. H. Harrison, 
W. E. Langdon, C. Faraday-Proctor, T. W. Tischendórfer, E. Mascart. 
Benevolent Fund, from Messrs. Jonas апа Colver, Limited, A. E. 
Whittaker, Е. W. Huband, J. W. Smith, Redfern, Nalder Bros. and 
Thompson, A. C. Cossor, J. W. Barnard, Thomas Sanders, Alfred 
Arculus апа Co., The British Electric Safety Lamp Works, William 
Rickard, Webb, Shaw and Co., Tavlor and Co., T. W. Lench, Limited, 
The Campbell Gas Engine Company, The China Furniture and Electric 
Fittings Manufacturers Association, Davis апа Timmins, Limited, Le 
Carbone, Anderson, Anderson and Anderson, Rainsford and Lynes, 
Е. Krasa and Co., Henderson and Walker, Allen Everett and Co., 
Hawkins Bros. and Со., ]. б. Wilson, The Electric Power Storage 
Company, “ Anonymous," 


to whom the thanks of the meeting were duly accorded. 
The PRESIDENT: Dr. Silvanus Thompson will now 

present the premiums to those who have earned them during 

the last session, when he was President of the Institution. 


The “Institution Premium," value £25, to Mr. C. E. Grove 
Member. 

The “ Paris Electrical Exhibition Premium," value £10, to Mr. S. 
Evershed, Associate Member. 

Two Extra Premiums, value £10 each, respectively to Professor 
George Forbes, F.R.S., Member, and Mr. H. M. Sayers, Asso- 
ciate Member. 

A Premium, valuc £5, to Mr. A. Russell, Member, for an “ Original 
Communication.” 

A Premium, value £5, to Messrs. C. C. Hawkins, Member, and R. 
Wightman, Associate, for an “Original Communication.” 

The First * Students’ Premium,” value £10, to Mr. В.Р. Howgrave- 
| Graham, Student. | 
The Second “Students’ Premium,” value £5, to Mr. C. B. Nixon, 

Student. 

The Third * Students' Premium," value £5, to Mr. H. J. Humphreys, 
Student. 

Тһе Salomons Scholarship to Mr. К.Р. Howgrave-Graham, a student 
of the Technical College, Finsbury. 


Colonel R. E. CROMPTON : The first duty that has been 
entrusted to me on returning to this country is the congenial 
one of proposing * That the best thanks of the members of 
the Institution of Electrical Engineers be given to Professor 
Silvanus Thompson for the very able manner in which he 
has filled the office of President during the twelve months, 
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1899—1900, and for the indefatigable personal attention which 
he has given to the duties of the office." 

It is unnecessary for me to remind you of the valuable 
services which Dr. Thompson has rendered to our profession, 
by his writings, teaching, and inventions ; I think you must 
take this for granted. 

It seems only yesterday that I was in Switzerland with 
that extremely pleasant party over which Dr. Thompson 
presided with such courtesy and success, and I must remind 
you that this first and highly successful experiment of an 
extended Continental tour owed its success very greatly to 
our President ; it was very fortunate for us that he was а 
persona grata with every one we met in our tour through 
the towns and works of Switzerland. Не was specially 
gifted by his linguistic attainments and by his power of 
expressing himself in German so as to be able to speak for 
our Institution in a graceful and dignified style, which all 
who heard him felt proud of. 

Мг. W. M. MORDEY: I have very great pleasure in 
seconding Colonel Crompton's resolution. On account of 
Colonel Crompton's absence from England he has had 
perhaps fewer opportunities than those who have stayed at 
home of seeing the work Professor Thompson has done for 
this Institution. All here know with what urbanity, care, 
“апа skill he has conducted the general meetings. But the 
President of this Institution has much important work to 
do besides that at the general meetings. His part in our 
first visit abroad you all know. I need hardly tell you that 
in committee-room work, and the work which has to be 
done in organising the arrangements, and dealing with the 
many matters that come before the Institution, Professor 
Thompson has also rendered the highest service. I have 
missed few meetings of this Institution for about nineteen 
years, and so I have had some experience of our Presidents. 
Comparisons are to be deprecated, but I think I may say we 
have had no more successful President than Professor 
Thompson. I am sure every future President will feel that 
Professor Thompson has made it a difficult task to ade- 
quately occupy the Presidential chair. 

If we had more time to-night, I am sure, as your applause 
shows, you would like to spend some of it in expressing 
more fully our appreciation of all the services which Dr. 
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J. P. Lawrence, J. G. Wilson, J. H. Garratt, C. M. Renton, А. Wrav, С. E. 
Grove, К. Sykes, J. Grant, John Denham, Sydney Evershed, А. Stroh, 
А. С. Curtis-Hayward, E. Gimingham, W. О. Rooper, Т. H. Harrison, 
W. Е. Langdon, С. Faraday-Proctor, T. W. Tischendorfer, E. Mascart. 
Benevolent Fund, from Messrs. Jonas and Colver, Limited, A. Е. 
Whittaker, F. W. Huband, J. W. Smith, Redfern, Nalder Bros. and 
Thompson, A. C. Cossor, J. W. Barnard, Thomas Sanders, Alíred 
Arculus and Co., The British Electric Safety Lamp Works, William 
Rickard, Webb, Shaw and Со., Taylor and Со., T. W. Lench, Limited, 
The Campbell Gas Engine Company, The China Furniture and Electric 
Fittings Manufacturers Association, Davis апа Timmins, Limited, Le 
Carbone, Anderson, Anderson and Anderson, Rainsford and Lynes, 
Е. Krasa and Co., Henderson and Walker, Allen Everett and Co., 
Hawkins Bros. and Со., ]. б. Wilson, The Electric Power Storage 
Companv, “ Anonymous," 


to whom the thanks of the meeting were duly accorded. 
The PRESIDENT: Dr. Silvanus Thompson will now 

present the premiums to those who have earned them during 

the last session, when he was President of the Institution. 


The “Institution Premium,” value £25, to Mr. C. E. Grove 
Member. 

The * Paris Electrical Exhibition Premium," value Хто, to Mr. S. 
Evershed, Associate Member. 

Two Extra Premiums, value Хто each, respectively to Professor 
George Forbes, F.R.S., Member, апа Mr. Н. М. Sayers, Asso- 
ciate Member. 

A Premium, value £5, to Mr. A. Russell, Member, for an “ Original 
Communication." 

А Premium, value £5, to Messrs. C. C. Hawkins, Member, апа R. 
Wightman, Associate, for an "Original Communication." 

The First * Students’ Premium,” value £10, to Мг. К. Р. Howgrave- 

| Graham, Student. | 

The Second "Students" Premium,” value £5, to Mr. С. B. Nixon, 
Student. 

The Third * Students’ Premium," value £5, to Mr. H. J. Humphreys, 
Student. 

The Salomons Scholarship to Mr. R. P. Howgrave-Graham, a student 
of the Technical College, Finsbury. 


Colonel R. E. CROMPTON : The first duty that has been 
entrusted to me on returning to this country is the congenial 
one of proposing * That the best thanks of the members of 
the Institution of Electrical Engineers be given to Professor 
Silvanus Thompson for the very able manner in which he 
has filled the office of President during the twelve months, 
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1899-1900, and for the indefatigable personal attention which 
he has given to the duties of the office." 

It is unnecessary for me to remind you of the valuable 
services which Dr. Thompson has rendered to our profession, 
by his writings, teaching, and inventions ; I think you must 
take this for granted. 

It seems only yesterday that I was in Switzerland with 
that extremely pleasant party over which Dr. Thompson 
presided with such courtesy and success, and 1 must remind 
you that this first and highly successful experiment of an 
extended Continental tour owed its success very greatly to 
our President ; it was very fortunate for us that he was а 
persona grata with every one we met in our tour through 
the towns and works of Switzerland. Не was specially 
gifted by his linguistic attainments and by his power of 
expressing himself in German so as to be able to speak for 
our Institution in a graceful and dignified style, which all 
who heard him felt proud of. 

Mr. W. M. MORDEY: I have very great pleasure in 
seconding Colonel Crompton's resolution. Оп account of 
Colonel Crompton's absence from England he has had 
perhaps fewer opportunities than those who have stayed at 
home of seeing the work Professor Thompson has done for 
this Institution. All here know with what urbanity, care, 
апа skill he has conducted the general meetings. But the 
President of this Institution has much important work to 
do besides that at the general meetings. His part in 'our 
first visit abroad you all know. I need hardly tell you that 
in committee-room work, and the work which has to be 
done in organising the arrangements, and dealing with the 
many matters that come before the Institution, Professor 
Thompson has also rendered the highest service. І have 
missed few meetings of this Institution for about nineteen 
years, and so I have had some experience of our Presidents. 
Comparisons are to be deprecated, but I think I may say we 
have had no more successful President than Professor 
Thompson. I am sure every future President will feel that 
Professor Thompson has made it a difficult task to ade- 
quately occupy the Presidential chair. 

If we had more time to-night, I am sure, as your applause 
shows, you would like to spend some of it in expressing 
more fully our appreciation of all the services which Dr. 
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Thompson has rendered this Institution. They have cul- 
minated, but they have not ceased, I hope, in his occupancy 
of its chair. 

The resolution was then put by the President and carried 
by acclamation. 

Dr. SILVANUS P. THOMPSON : I thank you very heartily 
for this vote of thanks, particularly for the kind, the too 
kind words, in which it has been moved and seconded. 
Every President in his turn has to do his duty, and I have 
tried to do mine. The statistics of the Institution show that 
we are not yet at our highest point of attainment, for the 
curve of increase has still an increasing upward slope. It is 
quite clear that we are making additional progress every 
year. The fact that in my year of office the increase has 
been higher than in any previous twelve months, 1s of course 
due to the good work that has been done for years past by 
those who have preceded me in the chair of the Institution, 
and to the work of the officers of the Institution, the co- 
Operation of the members of the Council, and of the 
membership generally, working together for the general 
good. Evidence of this can be seen not only in the 
statistics of membership but in the facts as to our resources. 
For example, it is a most gratifying thing to me to have 
been President during the year when we have added no less 
Шап 42,140 to our Building Fund. Of that sum, about 
£470 was actually subscribed last autumn in consequence 
of an appeal we sent out; about £181 is brought in by 
interest in the stock already invested for the Building Fund, 
and £1,400 was transferred from the surplus of our general 
fundabouta year ago. The Benevolent Fund in like manner 
has grown by about £470, of which £30 only is dividend 
on stocks held for the Benevolent Fund. Further, during 
the year that has gone by we have had that splendid gift 
from Dr. Henry Wilde, our Honorary Member, of £1,500 to 
form a special Wilde Benevolent Fund. We have also been 
the recipients of a most handsome legacy of £2,000 from 
our beloved late past-President, Professor Hughes, to found 
the David Hughesscholarship. АП this is evidence that our 
Institution is making good and substantial progress. Its 
activities are greater and greater every year; and knowing 
the character of the work that is undertaken by the Council 
and the spirit in which that work is carried out, I, in retiring 
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from the office of President, am confident that I may leave 
the chair with the satisfaction, not merely of looking back 
upon the prosperous year during which I had the honour of 
occupying it, but of looking forward to future years when 
this Institution will enjoy even greater success and attain 
even greater influence. Particularly confident may I feel 
that the chair is now occupied by one so well capable of 
maintaining its dignity and its credit, and of wielding 
righteously, and for the good of the electrical fraternity, 
its ever-increasing influence. 

I have had the pleasure and satisfaction of knowing 
Professor Perry personally for twenty years, and for twelve 
years of that time I was intimately associated with him as a 
colleague in daily intercourse. And I will say this, that no 
man on earth could wish for a truer friend or a more 
completely perfect colleague to work with than John Perry, 
your present President. Therefore I now perform this last 
duty, on retiring into the position of ex-President, of 
congratulating you on your choice of my successor. 


INAUGURAL ADDRESS. 


By PROFESSOR JOHN PERRY, M.E. D.Sc. F.R.S. 
President. 


I do not intend to make this in any sense a report of the 
progress of our Institution during the last or any number 
of years. I shall not, therefore, give any account of the 
exceedingly good work done by Colonel Crompton and 
the active service corps of our Electrical Engineer Volun- 
teers in South Africa. I shall not describe how we /éted 
our American cousins in England and France, nor how 
they /ezed us; nor what a wonderful success accompanied 
all that was attempted by us or Бу them or Бу.М. Mascart 
and our French colleagues, although I cannot refrain from 
bearing my testimony to the great kindness of the Prince of 
Wales and the British Commission in so generously lending 
us the British Pavilion for our great reception and giving 
us the use of one of its rooms for our office all the time of 
our visit to Paris. 

My brother has tried to get me to introduce to your notice 
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some novel ideas which have come to us during the last ten 
years in our business of lighting the City of Galway from a 
fairly constant water-power using accumulators with a Dow- 
son gas plant stand-by. It has almost come to be a practical 
idea to produce Carbide of Calcium in wet seasons and utilise 
it through the gas engine in dry seasons. I was also tempted 
to discuss the use of large gas engine plant at central 
stations ; and another of several subjects іп which I have 
been recently engaged has been the magnetic effect pro- 
duced by systems of electric traction. But I have resisted 
temptation and have chosen a subject which seems to me 
much more important. 

Your president's address is followed by no discussion. 
He is, therefore, privileged, but his very privileges cause him 
to address you with à greater sense of responsibility ; he 
may say what he pleases, but he must be very sure that he 
has the best interests of the Institution. at. heart; the 
interests of the Institution as а whole, not the interests 
merely of a few members, and least of all ought he to 
think of his own interests. Nevertheless, your president 
speaks not as an omniscient judge, but rather as а very 
fallible, very prejudiced one-sided man who, because he has 
devoted himself to one part of the work of this Institution, 
is certain to be unfair in. his comments upon other parts 
of the work. 

Your past presidents represent in this way all classes of 
members of this Institution. You have had scientific men, 
given, some of them to calculation and some to experiment 
and some to both ; men who have advanced the study of 
pure science. You have had practical telegraph men, civil 
and military, men cunning in land and deep-sea telegraphy 
and telephony ; men cunning in railway signalling. You 
have had electrical chemists. You have had manufacturers 
and users of all kinds of electrical appliances. You have 
had men who devote themselves to the teaching of electrical 
engineers, and who fully appreciate the fact that no good 
teacher ought to be out of practical touch with the profes- 
sion. And nearly all your past presidents have invented 
things which are now in practical use. 

As each of these men has given you at least one address 
written from his own peculiar point of view, his prejudices 
are not likely to have done any harm to members who read 
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the other addresses. I know, therefore, that you are good- 
naturedly prepared to give me plenty of rope. І can predict 
the twinkle of amusement in the faces of some of my friends 
when they learn that I am about to take up a subject on 
which we have had many debates. Your attention has 
just been attracted to the curves showing the numerical 
growth of our Institution in membership, and this has been 
marvellous, but I would speak of something more than 
mere numbers, namely, the quality of our membership. 
In fact, I mean to put before you this simple question: 
Is electrical engineering to remain a profession or is it 
to become a trade? Is this Institution to continue to 
be a society for the advancement of knowledge in the 
applications of scientific principles to electrical noue 
or 15 Ц to become a mere trades union ?' 

Of course, at the present time the outside ubl: are 
willing to regard membership of this Institution as a Symbol 
of something more than the membership of a mere trades 
union. During the early growth of any trade, even such 
a trade as that of the plumber, it was really a profession. 
And a common trade may suddenly become a profession, 
if it suddenly begins to develop, as, for example, stone- 
masonry of a hundred years ago suddenly developed into 
civil engineering. Electrical engineering has been deve- 
loped rapidly, so that in the past it has certainly been а 
profession and not a trade. 

Again, we are an institution of engineers, and the general 
public are willing to class us with other engineering insti- 
tutions—for example, the Institution of Civil Engineers 
Now the title M.Inst.C.E. is a professional distinction which 
represents in civil engineering what F.R.C.S. does in sur- 
gery, or M.R.C.P. in medicine. We owe a great deal to our 
association with, and recognition by, the Institution of Civil 
Engineers ; our meetings are held in its rooms ; many of 
our members are also its members ; our proceedings are 
modelled on its proceedings. 

Now this older Institution, governed by the best 
thoughts of the best British engineers, has laid it down that 
its associate members, that important class from which the 
higher class is mainly fed, shall have passed certain specified 
examinations in pure and applied science. 

1 am not now suggesting that we ought to adopt this 
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science examination method of admitting any kind of 
members to our Institution. I do not believe in the 
wholesale adoption of methods of working from another 
society. Таш asking you early in my address to remember 
that this greatest of all professional engineering institutions, 
governed by practical men full of common sense, knowing 
the wants of their profession well, insists upon a knowledge 
of science in its new members. Ш this recognition of 
sclence did not exist anywhere else in the whole world, I say 
that its recognition by such a thoroughly good professional 
society as that of the Civil Engineers ought to recommend 
it to all professional МЕ сы, 

In Germany ап enormous stride has recently been made 
in the raising of Engineering degrees to rank with the 
highest University honours. There is hardly one engineer 
of eminence in Switzerland, France, or Germany who has 
not passed with honour through the classes of one of their 
great science Universities: In Great Britain within the 
last fifteen years not only have great engineering schools 
been established in all the manufacturing towns, but even 
in Cambridge University there is one of the best schools of 
civil, mechanical, and electrical engineering of which I 
know anything. 

Before we think of imitating the Institution of Civil 
Engineers, we ought to reflect on certain fundamental 
distinctions between that Institution апа our own which 
at first sight seem to make us less professional. 

There is a well-known unwritten rule of the Civil 
Engineers to which there are only a few exceptions, that 
no contracting railway or harbour engineer can acquire 
the title of M.Inst.C.E. I think myself that it is a pity to 
draw a hard and fast line between consulting engineers 
and contractors. Мо doubt it simplifies the labour of the 
Council in its selection of candidates, but it gives rise to 
anomalies. 

А man who was once a civil engineer because he served a 

1 I understand also that the great unions of manufacturers in Germany are 
about to make facilities for giving a year of real factory work to the Poly- 
technic students, thus perfecting the German system. In Japan we found 
great success in requiring students to spend their summer in real shops, their 
winters at college. In England it may be that we shall prefer to let all 
apprentices һауе shorter factory hours than workmen, articled pupils much 


shorter hours, their masters being responsible for instruction being given in 
theory. 
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pupilage under his clever father, and who now is nominally 
at the head of his father's large practice, the real engineering 
work being done by many clever employees, this man may 
be a member. А contracting engineer who shows mar- 
vellous ability not only in rectifying the mistakes of the 
designer of a large bridge or tunnel or reservoir embank- 
ment, but shows the power of Lord Kitchener in directing 
the work of thousands of men so that no man need be idle, 
and the whole contract goes on like clockwork, and is 
finished well in the minimum of time, this man is ineligible. 
Now in our Institution it has been recognised from the very 
first that manufacturers and contractors and their employees 
may belong to the very highest ranks of their profession. Of 
course, I do not mean men who simply receive the profits 
of businesses, or even men who merely work to obtain 
orders for themselves. [ mean men who are not merely 
formally but in reality manufacturing or contracting 
engineers. І mean men who, in dealing with standardised 
things, design new methods for quick, good, cheap рго- · 
duction of such things. I mean men who improve old 
forms of things, possibly through their paid subordinates. 
I mean by a manufacturer fit to be a M.I.E.E a man who 
might act as his own manager, and who, perhaps, has a 
wider outlook than оп mere managerial duties. So long 
as a contractor or manufacturer is really an engineer, we 
know that we add to our strength with the addition of 
every such member. 

But consider a contractor who only uses ordinary types 
of machines or electrical plant in well-known ways, 
surely he can hardly be said to be in the profession at all. 
Surely the one thing that differentiates us from mere 
tradesmen is that we do not follow mere rule of thumb 
methods ; we think for ourselves, we weigh advantages and 
disadvantages. If every new installation required the same 
treatment as existing ones, the engineer would degenerate 
into a tradesman, and it seems to me that the electrical 
engineer ought to have a special fear of such degenera- 
tion. 

In railway and harbour and river and sanitary engineer- 
ing, in every new job there are new difficulties to be dealt 
with. An engineer who designs many undertakings and 
sees them carried out must be a thoughtful man; he cannot 
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help keeping himself acquainted with engineering principles, 
and so he is a professional man. So an architect finds that 
each new job requires all his experience. Every case that 
comes before a real physician or surgeon requires a some- 
what different treatment from any old case. Every case 
brought before a barrister requires the exercise of all his 
past experience. In every case а profession implies the 
necessity for the exercise of all the outcome of one's 
past experience ; because the work one has to do is never 
the same as any work one has ever done before. Апа 
when | say the outcome of past experience, I really mean 
certain general principles which one has always in one's 
mind, principles derived from all that one has done or seen 
or read about. ‚ 

Electrical engineering is in а curious position. It owes 
its being altogether to scientific men, to the laboratory and 
desk-work of a long line of experimenters and philosophers. 
Even now the work going on ina laboratory to-day becomes 
the much larger work of the engineer to-morrow. When at 
length the laboratory experiment 15 utilised in engineering, 
we see that there is no other kind of engineering which so 
lends itself {о mathematical treatment апа exact measure- 
ment. Most of the phenomena dealt with by the electrical 
engineer lend themselves to exact mathematical calculation, 
and after calculations are made exact measurements may 
be made to test the accuracy of our theory. For a com- 
pleted machine or any of its parts can be submitted іо the 
most searching electrical and magnetic tests, since these 
tests, unlike those applied by the mechanical engineer, do 
not destroy the body tested. 

Contrast this with the calculations it is possible to make 
in other kinds of engineering. Тһе pressure of earth 
against a revetement wall is possibly 200 or 300 per cent. 
greater, ог 50 to 70 per cent. less than what we imagine it 
to be in what some limited men call theory. We use 
factors of safety 5 or 1o or more on all kinds of iron 
structure calculations, because we are aware of our 
ignorance of a correct method of dealing with the prob- 
lems. The civil engineer never has exactly the same 
problem as has already been solved. Іп tunnelling, 
earthwork, building, &c., in making railways and canals, 
he is supremely dependent on the natural conditions pro. 
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vided for him: the configuration of the surface of the 
ground, the geological formation, the structural materials 
available in the neighbourhood. The story of how the 
engineer has to study the endlessly different ways of inter- 
action of water and sand and gravel is told by the trouble- 
some bars at the mouths of rivers all over the world, by the 
difficulties of coast and river-bank protection, by the failure 
of sea walls and piers. But why should I make a catalogue 
of the different kinds of work done by civil engineers ? 
Every one of them needs the exercise of general scientific 
principles due to much experience. 

Now of all such natural difficulties the consulting or 
contracting electrical engineer is greatly independent. Give 
him a source of power and tell him what is to be done; 
whether he is to light a town or a building, whether with 
arc or incandescent lights; whether he drives a stamp mill 
near a mine or a pump, or a machine tool, or a spinning 
frame, the electrical part of the work is carried out in much 
the same way. Natural conditions affect him mainly in 
the cost of transport of his materials and the cost of labour. 
He can make in an easy way the most careful calculations 
as to the best arrangement of his conductors and machines 
to give maximum economy, and except for this easy calcula- 
tion his work is that of a mere tradesman. He is practically 
independent even of the weather. There аге, indeed, some 
of us who grumble that this easy calculation is not made 
easier still, who prefer to make arithmetical guesses rather 
than exact calculation, because perhaps we like to see a little 
uncertainty introduced into the problem to make it more 
like a problem іп civil engineering. I want members to see 
clearly that as time goes on, as our electrical engineering 
work gets more and more cut and dried, the man who 
loses the power to calculate, who loses his grip of the 
simple theory underlying our work, must sink more and 
more into the position of a mere tradesman who has no 
longer the right to call himself ап engineer. 

An electrical engineer must have such a good mental 
grasp of the general scientific principles underlying his 
work that he is able to umprove existing things and ways of 
using these things. It has become the custom to call this 
theory, and I suppose I must follow the custom. I should 
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prefer to call it Science! or knowledge. По you remember 
Huxley's definition of Science? “Science,” he said, “15 
organised common sense" ; and this 15 really what I mean. 
Well, calling it theory, the man who is permeated by theory, 
whose theory is so much a part of his mental machinery 
that it is always ready for practical application to any pro- 
blem, he is the real engineer. But you must not mistake 
me in this matter. Eighty per cent. of the men who pass 
examinations in mathematics, mechanics, and electricity 
have very little of this theory. Fifty per cent. of the 
writers of letters in the engineering journals іп which 
mathematical expressions occur have almost nothing of 
this theory in their possession. It is unknown to foolish 
men. Books alone, lectures alone, experiments alone, 
workshop experience alone cannot teach this theory. Тһе 
acumen of a Q.C. may actually prevent a man from acquir- 
ing it. А man may have much of this theory, although 
he may never have listened to lectures, although he may 
dislike the sight of a mathematical expression. I have 
known men who might be called illiterate to possess much 
theory. I have known many men who might be called 
good electriciaus who are almost wanting in the theory 
necessary for the electrical engineer. 

I am speaking only of theory. Of the other qualifica- 
tions for an engineer Г need not here speak; they аге 
present to the minds of all of us. А man may have any 
amount of knowledge; he may know how to apply his 
knowledge, and yet he may not be able to apply the know- 
ledge from a want of engineering character. 

The engineer must be a real man; he must possess 
individuality, the power to think for himself. Не must not 
be like a sheep, knowing only enough to follow the bell- 
wether. Over and over again in the last thirty years have 
some of us given our students much the same sort of advice 


т What Doll Tearsheet said of the word “occupy” we have to say of the word 
“Science.” It is used by many people out of its proper meaning and then 
condemned, so that one is getting afraid to use it. In Prof. Fitzgerald's 
splendid inaugural address to the Dublin Section of this Institution he says : 
“Ав has recently been pointed out to me by Dr. Trouton, it would be im- 
possible to say the same contemptuous things of kuowledge as аге said of 
Science.. In Germany the word used, ‘Wissenschaft,’ is the one correspond- 
ing to our word ‘ knowledge,’ and there nobody of any sense could say that 
‘knowledge is all humbug,’ as is here often said, and still oftener thought, 
of ‘Science.’ " 
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that Baden-Powell gives to scouts in that excellent little book 
of his. If any of you have not read that book you ought 
to buy it at once, and you will there find that if a man is to 
think for himself he must possess all kinds of knowledge, he 
must be constantly picking up new kinds of knowledge. 

Nobody can limit the value of any kind of knowledge, 
but still one may say that certain things are probably more 
important than others. To gain what we call “theory” а 
good general education is most helpful — mathematical 
knowledge is very helpful ; laboratory and workshop experi- 
ence are extremely helpful. There is one qualification which 
the electrical engineer must have and without which all 
other qualifications are useless, and if a man has it no other 
qualification is supremely important, and this absolutely 
indispensable qualification is that a man shall love to think 
about and work with electrical things. Не must like these 
not because of the money he can make through electrical 
contrivances, nor even, І think, because of the name he 
may make before the world—this would be mere liking 
or cupboard love which has no lasting quality. So long 
as we have men in this country who have the true love for 
scientific work of which I speak, so long shall we have а 
real profession of electrical engineering, for such men are 
. always scheming new contrivances and improving old ones 
and utilising the services of all helpful people, and especially 
of capitalists. When we have reached a state in which 
nobody schemes new things because the existing things are 
perfect there will no longer be a profession of electrical 
engineering. Of all ideas surely that of having reached 
perfection is most hateful: the idea of exact knowledge, 
that nothing is unknown, that there is no need for thought 
and therefore that to think for oneself is a sin. 

And so, although we are all agreed that much standardisa- 
tion in our contrivances and methods is absolutely necessary 
for our competition with other nations, we must follow the 
Americans in this matter and take care that.it does not 
destroy invention. Of course when things are really stan- 
dardised, when we have our perfect Mauser rifle or 
dynamo or locomotive or traction engine or electrically 
driven stamp mill, a Boer can buy or even manufacture 
them if he has money, and he can use them as well as, 
or possibly better than, we can. But he is not an 


52 ADDRESS OF THE PRESIDENT. [ Nov. Bth, 


engineer. He uses things after the engineer has done his 
work upon them. A stoker, a common engine-driver, 
the guard of a train, these are not engineers. You must 
have noticed that the American engineers, who surely 
deserve the character of being practical idealists above all 
other engineers, are the men who are most imbued with 
notions of standardisation which lead to cheapness of 
manufacture, and they are also the men most alive to the 
necessity for occasional extensive scrapping of types of 
machinery when they become even a little antiquated. 

Our chiefs, the men who run us all, our real men at 
this Institution, may be called Practical Idealists. They have 
imagination and judgment and individuality. They have 
the imagination апа enthusiasm of inventors, and yet they 
are more than inventors, for they can estimate the worth of 
their own inventions and control their imaginations. They 
are ready to receive all new ideas, they welcome all new 
things, and yet they are not carried away. They are 
radicals and yet they are conservatives. They have what 
Mrs. Beecher Stowe called Faculty. 

A strong imagination well under control, surely it 
is the greatest of mental gifts. I look round me and 
wonder how many of us really have it; and how many 
of us are only dull men, who scorn novels and poetry, 
who live utilitarian, material lives, whose aim is merely 
.to make money through electricity, who love it not for 
its own self, who cherish their “tuppeny-ha’penny-worth " 
of theory because it is sufficient for their immediate wants. 
Why, even the writers of leading articles in the daily 
papers can talk of the wonders of electricity ала what 
may yet come to pass; and yet we who make machines 
and use them and switch the marvellous thing on and off 
and take all sorts of liberties with it—we are like Calibans 
oblivious of the wonders of the fairy isle—like soulless 
priests making a living in the temple of Isis—like Aladdins 
who rub our lamp only to get the necessaries of life. 

Twenty years ago some of us were laughed at for our 
optimism, and yet everything that we declared then to be 
doable has now actually been done by engineers, except 
the thing which was then and is now declared to be the 
supremely important thing, namely, the electric consump- 
tion of coal. We say now, as we said then, * The applied 
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science of the future lies invisible and small in the opera- 
tions of the men who work at pure chemistry and physics." 
And think of the wonderfully rapid rate at which laboratory 
discoveries have been made in the last eleven years, and how 
as the years go on they become more and more numerous ; 
and yet many of us plod along with our work seeing no farther 
than our noses. A yearis now more pregnant with discovery 
than a hundred years used to be, and yet the protective 
stolidity of our ancestors is upon us and we think of the 
latest discovery as if it were really the very last that can be 
made. A thousand men are measuring and trying new 
things in laboratories all over the world. Some of them 
plodding and soulless; others of them with imagination 
and clearness of vision. Do you think that nothing is to 
come from all that work ? 

And is it not one of the most important functions of the 
engineer to do as Mr. Marconi has done, to convince 
capitalists ignorant of science that if the successful labora- 
tory experiment is tried on the large scale it must also be 
successful? And are we going to leave all this pioneering 
work, with all its possibilities of great gain, albeit with 
possible loss, to foreign engineers, when in most cases the 
scientific discovery has been made in England? Are we 
so lacking in the hope and faith which are born of ima- 
gination and science? And must we in the future as in 
the past have to rely upon the influx of the clever foreigner 
like Sir William Siemens? Must we, Boer like, always 
depend upon our Uitlander population, Fleming and 
German, Hollander, Huguenot and Hebrew, for the develop- 
ment of our natural resources ? 

Some of the best engineers I know are so excep- 
tional that one must class them with geniuses; they 
have faculty and character, and so they have become 
engineers even under the most unfavourable circumstances. 
They have passed through ordinary schools and yet deve- 
loped common sense. They were pitchforked into practical 
work, and their liking for the work as well as some 
curious kind of instinct led them to pick up all sorts of 
knowledge which have become part of their mental 
machinery. They continue to pick up new kinds of 
knowledge when these become necessary for their pro- 
fessional work. Unfortunately these men do not realise 
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how exceptional they are, and they advise boys to go 
direct from school into works. They forget that the other 
99 per cent. of men treated in the same way as themselves 
can only become the hewers of wood and drawers of water 
to real engineers. Treated in this way average boys are 
just like so many sheep: they learn just what seems 
absolutely necessary and no more; their acquaintance 
with the scientific principles underlying their trade is a 
hand-to-mouth knowledge which becomes useless when 
their trade undergoes development. 

In 1867 | was an apprentice, and when in the drawing 
office and pattern shop I remember well how I was chafted 
for studying such a non-paying, non-practical subject as elec- 
tricity. When I published my first electrical paper in 1874 
before the Royal Society, and even for some years afterwards, 
the real students of electricity in England could be counted 
on the fingers of one’s hands. Many of us remember the 
first Gramme magneto machine that came to this country, 
a scientific toy, in 1874. How many engineers dreamt 
that a great new branch of engineering had been started? 
Even in 1878 engineers were as a rule quite ignorant of 
electricity, and since then every year, although newspaper 
writers have talked largely of the age of electricity, the 
men actually engaged in electrical industries have acted 
as if the greatest of changes were not perpetually going 
on init. To be left behind, or to become camp followers, 
children of Gibeon, this is the usual fate of the men who 
scorn theory. In 1882-4 we used to have to pay men 
£200 and £300 a year because they had a slight know- 
ledge of electrical matters. In 1884-6 these very men were 
not worth twenty shillings a week, they were weeded out 
of the profession and their places were taken by men of 
better knowledge. Two or three years after, these better 
men were again found to have been weeded out, because 
men of still better knowledge were available. And so it 
has gone on ever since. Men learn just enough to get 
posts; they settle down in these posts and scorn theory. 
They actually forget what little theory they once did possess. 
They know a great deal about existing machines, but presently 
they discover that improvements have been going on, and 
that they no longer have a right to say that they belong 
to the engineering profession. In every year one has told 
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теп, * You will be left behind. Зее А and B and C. I 
told them three years ago, when their names were іп every- 
body's mouths, -that they would be left behind like their 
predecessors, and they laughed. Now I tell you and you 
laugh, and you also will be left behind. Yes, I know that 
you get a good salary or large fees, and your head touches 
the sky. Nevertheless, because you neglect theory and the 
simple mathematics by means of which theory is made 
available іп practical problems, you will have to take a 
back seat presently, for our profession is in its early youth 
and 15 growing rapidly." 

Remember that I do not now refer to the few excep- 
tional heaven-born engineers who, in spite of bad training, 
do manage somehow to pick up the necessary knowledge. 1 
speak of the average men, many of whom are now living in 
the same old fool's paradise. They know enough for present 
needs ; they scorn the simple principles which underlie all 
our work ; they scorn the easy mathematics by which these 
principles are most readily employed in practical problems ; 
they will have their reward. 

Just think of what is occurring at the present time. In 
England we have cheap coal, and it can be carried easily. 
In Switzerland and other countries where there is no cheap 
coal the water-power had to be utilised and power had to 
be transmitted great distances electrically. This needed 
high voltage, and as it is dificult to get high voltage with 
direct current machines, alternating currents were used, 
and on account of motor troubles multiphase working has 
been introduced. What a revelation it was to almost all 
of us, that visit of a year ago to Switzerland! We saw 
enormous schemes of lighting and traction and power. We 
saw electric trains driven by distant waterfalls sandwiched 
in among ordinary trains keeping proper time on working 
railways. We had known that there were great schemes 
carried out in Germany апа America and other countries, 
and yet all the machines were quite unfamiliar to us. We 
were very much like what engineers of 1870 would have 
been if suddenly brought into a generating station. Is it 
not a tact that some of us, said to be eminent and 
thought to be practical, asked questions and made re- 
marks which showed that we did not know the most 
elementary principles of three-phase working. ls it 
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then any wonder that the traction schemes now being 
developed in England, on lines that are certainly not 
the best for this country of their adoption, are altogether 
dependent on the use of foreign electrical machinery and 
employ foreign electrical engineers ? I am not putting this 
altogether fairly, for municipal procrastination has prevented 
our development, and yet 1 am not putting it altogether 
unfairly. We know too little theory. 

I am afraid that just now we are in a rather tight place. 
I would give something to know how we in this room are 
going to get acquainted with what some people rightly or 
wrongly consider the most important kind of modern 
electrical engineering. Our usual way of learning is by 
actual handling of things. But if the millions of pounds’ 
worth of machinery coming to England every year is 
all foreign and is used mainly under foreign superin- 
tendence, our usual method of study is made very 
difficult. True there are American. and German, and 
indeed a very good English publication which would give 
а knowledge of the theory, but not, I think, to the average 
English electrical engineer. I know of many men 25 to 
4o years of age who seldom come to our meetings, and 
who say they are silent in discussions because they cannot 
be understood ; perhaps these men will find a way to save 
us all from being left behind. There is much more that I 
might say in this connection. An individual Englishman 
may be left behind other Englishmen, and all English 
electrical engineers may be left behind the rest of the world, 
but all electrical engineers of the world may even be left 
behind other appliers of science. It is not merely that the 
incandescent mantle of the gas engineer is improving and 
necessitates improvements in our filaments, but in spite of 
the flourishing conditions of our factories just now, I could 
give many other illustrations of how we shall all suffer if we 
do not keep adding to our knowledge. Twenty years ago, 
when giving some lectures in Clerkenwell to workers in the 
then flourishing watch trade, I ventured to prophesy the 
decay of that trade. But I am afraid that the case of Jonah 
and Nineveh is the only one in which prediction of disaster 
led to reform. 1 venture on no prophecy therefore, because 
it might harden your hearts. 

Much of the evil we suffer from is due to our average 
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young men being pitchforked into works where they get 
no instruction, as soon as they leave school. If ordinary 
school education were worth the name, and if school- 
masters could be brought to see that we do not live in 
the fifteenth century, if boys were really taught to think 
for themselves through common sense training in natural 
science, things would not be so bad. But the average 
boy leaves an English school with no power to think 
for himself, and with less than no knowledge of natural 
science, and he learns what is called mathematics іп such 
а fashion that he hates the sight of a mathematical ex- 
pression all his life after. 

And what is the result? English engineers do make 
a wonderfully intimate acquaintance with the machines 
and tools that they work with, but when it comes to the 
manufacture of new things they do it by fitting and trying, 
by quite unnecessary expenditure of money through trial 
and error. A machine is made and tried and then another 
better one, until a good result is arrived at. And this 
method did well enough in the past and would do well 
enough in the future if only we had not to compete with 
foreigners who can really calculate. It is not all smoke; 
there is a real danger in this foreign competition unless 
we mend our ways. There ts an absolute necessity for 
great change in English ways; but there are so many 
people interested in the maintenance of old methods of 
working ; so many people who think they will lose their 
bread and butter if a change takes place; so much capital, 
scholastic and other, invested in our old machinery ; that 
it takes a catastrophe to produce changes. Much of the 
strength and weakness of England has always lain in her 
conservatism. We have been talking of standardisation of 
machinery lately, so I may say that things have been 
standardised in England for a long time. Now to get all 
the good effect of standardisation it is occasionally necessary 
to go in for wholesale scrapping, and it is this scrapping 
part of the business that we dislike in England. We here 
all know that the District and Metropolitan railways might 
have been worked electrically years ago just as easily as 
they will be when we are allowed to begin upon them, 
but of course the scrapping of a lot of steam locomotives 
Was a serious thing. The loss of experience to English 
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electrical engineers, because of this hatred of scrapping, is 
leading to other incalculable losses. I understand that the 
whole generating and line plant—the whole machinery of 
the Boston tramways—has been scrapped several times 
білсе they first were driven electrically. Japan has 
scrapped all her old civilisation just as France did. During 
the century now dying Germany has made the most sweep- 
ing changes in her land and school legislation, and indeed 
in everything. England and Spain and China, how they 
differ in this respect even from England's own colonies. 

Of course it may be said that English customs have 
grown during centuries ; they are well tried and there 15 no 
pressing need for sudden alteration. I quite agree, but 
unfortunately this very perfection and fitness of our customs 
have bred in usa want of flexibility, so that in cases wherea 
sudden change is really necessary, we are disinclined to 
make the change merely because it is a change and for no 
other reason. 

No one has ever heard me speak of the decadence of 
England. When the greatness and the wealth, the manliness 
and the strength, the healthiness and good life of England 
are shown forth to the as yet ignorant world in all their 
magnitude there will be some astonishment. But it 1s our 
duty to keep up our high standards. We must change what 
is bad when we know it to be bad, and not let bad things! 
continue to exist, parasitic growths, maintained because on 
the whole we are strong and healthy. You will perhaps 
think that this isa very serious exordium when I tell you that 
І have introduced it all on account of the state of mathe- 
matics in our profession. I feel a sort of degradation every 
time that I hear a successful, clever old member of this 
Institution sneering at mathematics. There is a plausibility 
about his statements; he himsclf has been very successful 
in life without much help from mathematics ; but indeed 
his sneer is doing a great deal of harm to the younger 
members who admire his success, who forget that he has 


1 Such as our wretched system of weights and measures. Oh young 
America and Australia, is it wise to waste a усаг of cvery child's lite, and 
vears of the life of every business man, merely because we do it in England ? 
You get many of vour pedagogues from us, and of course they say that with- 
out cwts., qrs., and lbs., and Latin declensions and Euclid, the mind cannot be 
trained. Do vou believe them, or are you with open eyes making a great 
sentimental sacrifice ¢ 
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succeeded іп spite of, and not because of, his neglect of 
mathematics. 

Our knowledge of electrical phenomena must be quanti- 
tative to be of practical use ; we must be able to calculate. 
Mathematics is the science of calculation, and we must 
therefore be able to employ, and we all do necessarily 
employ, less or more mathematics every hour of our pro- 
fessional lives. Тһе draper and the grocer and the 
housekeeper merely need arithmetic. Everybody now knows 
some arithmetic. Everybody can add and subtract and 
multiply and divide, and keep accounts in some simple sort of 
way. This is due to the fact that arithmetic is no longer taught 
in the old Greek method with its twenty-seven independent 
characters (for our ten figures), the study of which required 
a lifetime, so that only old men could do multiplication, 
and they not only needed many hours to do one easy bit of 
multiplication, but declared that if the art were not practised 
every day it could not be remembered. Reading and 
writing and ciphering are now taught to everybody. |t 
used to be that only learned men and philosophers could 
read, write, and compute. You will remember the charge 
that was brought against one of Shakespeare's characters, 
who was said to possess mere bookish theory without 
practical knowledge. “Апа what was he?" “ Forsooth а 
great arithmetician.” Nowadays, when everybody сап 
compute, we should say of the possessor of mere bookish 
theory, * Forsooth he knows the calculus." 

For in medieval times things were taught in such a 
way that only a few men had a chance of knowing how 
to read, write, and cipher. We have been compelled to 
change all that, the pedagogue has by compulsion given up 
his medizeval methods of teaching in these things, although 
in all other matters he retains them. But a time has come 
when we see that ciphering is not enough mathematics for 
us to be familiar with, we need a little algebra, we need 
co-ordinate geometry, we need the differential and integral 
calculus. The pedagogue tells us that we must follow the 
orthodox course of study, which takes many years; and 
some of us, many of us, who have followed the orthodox 
method find that we have spent so much time and mental 
power upon it and its thousands of unnecessary tricks and 
contrivances and philosophy, that we can take in no more 
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ideas. We cannot utilise our mathematics on engineering 
problems because we are too old and tired and blasé to 
comprehend these problems. Nevertheless we are the only 
people who know mathematics, and so we publish volumes 
of unmeaning and useless disquisitions on problems that we 
do not understand. Or we know just enough mathematics 
to be able to show our ignorance to experts, but quite 
enough to impress engineers with our knowledge ; and we 
know just enough about engineering problems to show our 
ignorance to engineers, but quite enough to impress mathe- 
maticians, апа what we publish is merely as the crackling 
of thorns under a pot. 

As for the man who does understand electrical problems, 
he remembers that there was a something called a study of 
mathematics at his school, that he did pass certain 
examinations with much difficulty and tribulation, that the 
subject had no real meaning to him even when he was 
supposed to know it, and he now hates the sight of any- 
thing that looks like mathematics. 

I tell you, gentlemen, that there is only one remedy for 
this sort of thing. Justas the antiquated method of studying 
arithmetic has been given up, so the antiquated method of 
studying other parts of mathematics must be given up. The 
practical engineer needs to use squared paper. What is the 
use of telling him that he has taken an unauthorised way to 
the study of co-ordinate geometry, that he cannot approach 
it except through Euclid and modern geometry and geo- 
metrical conics and algebra and trigonometry. He says 
the youngest child can be made to understand diagrams on 
squared paper. 

50 again the idea underlying the calculus is one that every 
child, every boy, every man possesses and uses every day of his 
life, and there are useful methods of the calculus that might 
be taught quite quickly to boys, and which it would be a 
pleasure to boys and men to use continually in all sorts of 
practical problems, but of course the subject of the differen- 
tial and integral calculus is one that must come at the end 
of a long course of what is to the average boy utterly 
uninteresting and unmeaning mathematics. Indeed, the 
average boy never reaches the subject, whose very names, 
differential and integral calculus, are enough to drive him 
frantic. 
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Yes, the schoolmasters say that we must follow the 
medizeval rules of the game, and all sorts of fine things 
are said about them, but as a matter of fact we only need to 
bring a little common sense to bear upon schoolmasters. 
At present most of us stick to our arithmetic as а safe and 
well-tried friend. We compute after the manner of the 
draper and grocer and housekeeper. Іп finding out what 16 
the best size of conductor, or armature winding or core, or 
iron and winding of a field magnet, we calculate by mere 
arithmetic for one size and then for another; perhaps 
we have weeks of arithmetical computation before we find 
the right size of thing to use, and we cannot frame general 
rules. And some foolish person who knows a little mathe- 
matics, works at the problem (as we ought to be able to 
do but are not) and he frames a general rule and we laugh 
at it, and sneer at mathematics because he has probably 
left out of account the most important consideration. We 
know that the result is wrong but we cannot say why it 
15 wrong. | 

Then there аге some far-reaching, labour-saving ideas 
that we simply cannot get into our heads at all, we cannot 
comprehend them. Am I sinning against the rule as to 
good comradeship which exists here if I say that some of 
us are ignorant of the most fundamental fact regulating 
economy in arranging sizes of conductors ? Suppose we 
find the total cost of installing a conductor of a certain 
length, using one square inch section of copper. We dothe 
same thing for other sizes, and we plot total cost and weight 
of mere copper on squared paper. I do not care what 
system we adopt if it is the same system for all sizes, and if 
we buy our materials from the same manufacturers and use 
the same kind of labour, our points will lie very nearly in 
a straight line on the squared paper. Hence increased cost 
will be proportioned to increased weight of copper, and, 
indeed, increased total cost will be like the mere increase in 
the cost of copper, taking a slightly higher price of copper 
per (оп. Some of us, ignorant of the elementary mathe- 
matics involved in the problem, think that the mistake has 
been made of assuming that the cost of an installed con- 
ductor is merely the cost of the copper in it, and of course 
we must feel that it is too absurd a mistake not to be 
laughed over. With an elementary knowledge of mathe- 
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ideas, We cannot utilise our mathematics on engineering 
problems because we are too old and tired and blasé to 
comprehend these problems. Nevertheless we are the only 
people who know mathematics, and so we publish volumes 
of unmeaning and useless disquisitions on problems that we 
do not understand. Or we know just enough mathematics 
to be able to show our ignorance to experts, but quite 
enough to impress engineers with our knowledge ; and we 
know just enough about engineering problems to show our 
ignorance to engineers, but quite enough to impress mathe- 
maticians, and what we publish is merely as the crackling 
of thorns under a pot. 

As for the man who does understand electrical problems, 
he remembers that there was a something called a study of 
mathematics at his school, that he did pass certain 
examinations with much difficulty and tribulation, that the 
subject had no real meaning to him even when he was 
supposed to know it, and he now hates the sight of any- 
thing that looks like mathematics. 

I tell you, gentlemen, that there is only one remedy for 
this sort of thing. Justas the antiquated method of studying 
arithmetic has been given up, so the antiquated method of 
studying other parts of mathematics must be given up. The 
practical engineer needs to use squared paper. What is the 
use of telling him that he has taken an unauthorised way to 
the study of co-ordinate geometry, that he cannot approach 
it except through Euclid and modern geometry and geo- 
metrical conics and algebra and trigonometry. He says 
the youngest child can be made to understand diagrams on 
squared paper. | 

So again the idea underlying the calculus is one that every 
child, every boy, every man possesses and uses every day of his 
life, and there are useful methods of the calculus that might 
be taught quite quickly to boys, and which it would be a 
pleasure to boys and men to use continually in all sorts of 
practical problems, but of course the subject of the differen- 
tial and integral calculus is one that must come at the end 
of a long course of what is to the average boy utterly 
uninteresting and unmeaning mathematics. Indeed, the 
average boy never reaches the subject, whose very names, 
differential and integral calculus, are enough to drive him 
frantic. 
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Yes, the schoolmasters say that we must follow the 
medieval rules of the game, and all sorts of fine things 
are said about them, but as a matter of fact we only need to 
bring a little common sense to bear upon schoolmasters. 
At present most of us stick to our arithmetic as а safe and 
well-tried friend. We compute after the manner of the 
draper and grocer and housekeeper. Іп finding out what is 
the best size of conductor, or armature winding or core, or 
iron and winding of a field magnet, we calculate by mere 
arithmetic for one size and then for another; perhaps 
we have weeks of arithmetical computation before we find 
the right size of thing to use, and we cannot frame general 
rules. And some foolish person who knows a little mathe- 
matics, works at the problem (as we ought to be able to 
do but are not) and he frames a general rule and we laugh 
at it, and sneer at mathematics because he has probably 
left out of account the most important consideration. We 
know that the result is wrong but we cannot say why it 
is wrong. | 

Then there are some far-reaching, labour-saving ideas 
that we simply cannot get into our heads at all, we cannot 
comprehend them. Am I sinning against the rule as to 
good comradeship which exists here if I say that some of 
us are ignorant of the most fundamental fact regulating 
economy in arranging sizes of conductors ? Suppose we 
find the total cost of installing a conductor of a certain 
length, using one square inch section of copper. We dothe 
same thing for other sizes, and we plot total cost and weight 
of mere copper on squared paper. I do not care what 
system we adopt if it is the same system for all sizes, and if 
we buy our materials from the same manufacturers and use 
the same kind of labour, our points will lie very nearly in 
a straight line on the squared paper. Hence increased cost 
will be proportioned to increased weight of copper, and, 
indeed, increased total cost will be like the mere increase in 
the cost of copper, taking a slightly higher price of copper 
per ton. Some of us, ignorant of the elementary mathe- 
matics involved in the problem, think that the mistake has 
been made of assuming that the cost of an installed con- 
ductor is merely the cost of the copper in it, and of course 
we must feel that it is too absurd a mistake not to be 
laughed over. With an elementary knowledge of mathe- 
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matics our mistake would be impossible, and without such 
a knowledge the clever electrical engineer is constantly 
discovering mare's nests in the investigations which he 
criticises. 

I know of long misleading accounts of the results of good 
experimental observations which might have been described 
in а few clear words by the aid of elementary mathematics. 
] know men who spend on a particular problem ten times 
the amount of worrying thought that would enable them to 
master the easy mathematics that includes all such problems. 
Quite recently one of our most eminent members declared 
to me that he had not really grasped the reason for small 
economy at a power station when there is a small load 
factor until he studied the common sense mathematical 
form which has been given in a recent publication. Апа 
yet he is a man who has heard much, and read much, and 
talked much on this subject. 

Every electrical engineer has a correct idea of how 
a transformer acts, or how the E.M.F. in one of the coils 
of an armature of a direct current or other generator, or, 
let us say, a rotary transformer, changes during a revolu- 
tion, and how the E.M.F.s of all the coils are com- 
bined to produce currents in the external circuits. But 
through how much mathematical tribulation must most of 
us have passed from our state of ignorance to our present 
state of knowledge! It is no wonder that we are disinclined 
to the study of a new phenomenon which seems as if it 
might lead us through the like tribulation. The tribulation 
is least because it is suffered only once if we first learn the 
Calculus method which underlies all our work ; it is greatest 
if we get it up in a completely new-looking form in every 
new problem. I speak now of what is most difficult in our 
study, for there is thought required in applying the Calculus 
method. Thus, for example, іп multiphase work at the 
present time the best mathematicians wonder how it is 
possible for easy calculation to be made in such a subject. 
What we want just now is that an electrical engineer 
acquainted with three-phase current phenomena should 
be so much a master of ordinary easy mathematics that he 
has a chance of discovering a very simple way of putting the 
matter before us. At present calculation is easy but tedious, 
and, indeed, repellent; but I am perfectly certain that a 
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competent man might quickly invent methods of calculation 
which are not only easy, but short and thinkable. Mathe- 
maticians with the requisite electrical knowledge, again, may 
be lacking in sympathy and humour. I know a book of 
more than three hundred large pages on ordinary alternating 
currents, and all the information in it is given far more 
simply in two pages of another book with which some of 
you are acquainted. Possibly, just now, mathematicians 
who are electrical and who have common sense have too 
much other work to do, and we must wait their leisure, 

The fact is, mathematics ought to be the natural language 
of the electrical engineer, and at present it is а foreign 
language; we cannot read or write or think in it. We are 
at the beginning of our development, like monkeys whose 
necessities have increased faster than their powers of speech. 

Some of you are aware that a new method of teaching 
mathematics has recently been introduced by the ever- 
to-be-praised Science and Art Department in nearly all 
evening classes in science schools throughout the country.! 
I wish I could say that there was a prospect of its being 
introduced in all schools, for it seems to me that this would 
lead to the result that all young men entering works would 
be masters of that kind of calculation which is most impor- 
tant in electrical engineering ; not merely a few men having 
this power, but the average men, just as average men can 
read and write. 

I am addressing engineers, men who utilise the results 
arrived at by scientific workers, men whose profession is 
applied science. But surely if we are to apply the results 
arrived at by scientific men, if the laboratory experiment of 
to-day is to be our engineering achievement of to-morrow, 
we ought to be very much alive to all that is going on in 
the scientific world. 

All men ought to be far more alive to the importance of 
scientific work. On the psychological side, it is perfectly 
exasperating to me to see how few are the men who know 
that Darwin has given a key to almost all the great philo- 


* See summary of Lectures on Practical Mathematics ; also the Science 
and Art Directory, and the Reports of Examiners on the Science Examinations 
of 1899 and 1900, all published by the Education Department, South Ken- 
sington, S.W. The reforms now advocated in mathematical and science 


teaching are all clearly described in a paper read before the Society of Arts 
in January, 1880. 
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sophical problems of antiquity, and that there is a great 
mental development accompanying the more evident en- 
gineering development now going on in the world. Again 
it is the fault of our methods of education that all our 
great men, our most important, most brilliant, best edu- 
cated men, our poets and novelists, our legislators and 
lawyers, our soldiers and sailors, our great manufacturers 
and merchants, our clergymen апа schoolmasters, should 
remain so ignorant of physical science, the application ОҒ, 
which by a few men not ignorant is transforming all the 
conditions of civilisation.! But of all men just think what 
it means for engineers to be ignorant of science, or neg- 
lectíul of its new developments, and of all engineers think 
what it would mean if electrical engineers sinned in this 
way. 

Except ours, all other branches of industry have taken 
thousands of years to grow. There were bridge and 
hydraulic and sanitary and harbour and river engineers in 
ancient Rome, and such engineers existed thousands of 
years before the first papyrus was written in Egypt. But 
no Assyrian tile or Egyptian hieroglyphic or relic from a 
` tomb indicates that telephones or electric motors or electric 
lights existed before our time. Хо gradual improvement 
in our methods of conquering nature led up from small 
beginnings in our electrical engineering. Our profession 
has not grown during thousands of years of time like other 
professions. It has sprung suddenly, full grown, from the 
new spirit which is going to rule the souls and bodies of 
men, the spirit of research in pure science. The new spirit 
puts knowledge, mere knowledge of nature, as its highest 
aim. Тһе scientific student knows that all sorts of good 
must come to mankind from his studies ; all sorts of scientific 
knowledge are sure to be utilised by engineers, but in the 
pursuit of science the usefulness and utility of the result are 
of no importance. And are we—we who have received the 
first-fruits of the labours of scientific men, we the first-born 
spoilt children of the great parent of all that 1$ to come, we 
who form the foremost files of the present time—are we 
going to turn upon our beautiful young mother and say she 
is useless and ugly, and she hinders our money-making, 
and that we are willing to kill her for the sake of the burial 


* See articles іп № ature of July 5th and August 2nd. 
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fee? Thank God that is the spirit of only a few of us. 
Have we not as an Institution gone to great expense in the 
publication of Science Abstracts in partnership with the 
Physical Society? That publication has been апа con- 
tinues to be of the very greatest value to all students of 
pure and applied science who read our language, for it 
tells them the results of all the scientific work now being 
done in all parts of the world. And even if some of us do 
not read that useful publication, do we not know that it is 
there to read if we like? Do we not know that it isa 
symbol of our redemption from the yoke of the Philistine ? 
It is one of many signs that in answer to the question 
which І have asked in this address, we can truthfully say 
that we are professional men, that our profession has 
promise of enormous expansion and improvement, and that 
we are not likely to become mere tradesmen. 

I am afraid that you will think that I have а personal 
interest in putting before you the claims for consideration 
of the pursuit of pure science, because you know that I am 
trying to defend Kew Observatory from imminent danger. 
In truth I have no interest in this matter unbecoming a 
president of this Institution. For two years I have been 
trying to reason with traction engineers. Like many 
other electrical engineers these gentlemen desire to use 
uninsulated return conductors. If they do so near a mag- 
netic observatory certain records of terrestrial magnetic 
disturbances are quite spoilt. At Potsdam this sacrilege 
has been forbidden. At Washington, Toronto, Capetown, 
and most other important places the magnetic records 
have already been rendered useless. Professor Rücker 
and I were asked by the other members of the Committee 
of the Royal Society which was in charge of the Kew 
Observatory to defend Kew, and with the help of Her 
Majesty's Treasury we thought we were able to insist upon 
the use of insulated returns in all undertakings authorised 
by Parliament where harm was likely to be inflicted on 
Government observatories. I may say that the scheme 
designed by Mr. Clifton Robinson for using an insulated 
return conductor in the working of the tramways of the 
London United Tramways Company, in consequence of our 
action, was a thoroughly good scheme which it gave one 


satisfaction to look at, not ugly and not expensive. It 
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seemed to me a fit scheme for апу tramway system, however 
complex, in which overhead conductors are used. You are 
aware that for an electric railway or fora tramway where an 
underground conduit is employed, it is in every way better, 
and itis in a large scheme actually cheaper to use an insulated 
return. We felt therefore very happy, for magnetic observa- 
tories seemed quite safe from interference. We were, how- 
ever, mistaken, for the onlv clause. which we have been able 
to get inserted in all Parliamentary authorisations of under- 
takings, leaves it to the Board of Trade to substitute other 
methods of protection than the insulation of the return 
conductors in cases where these other methods seem to be 
sufficiently good for the protection of laboratories and 
observatories, and this is why the Board of Trade appointed 
the Committee which met on the 31st of October probably 
for the last time. 

Professor Ricker, Professor Ayrton, and I have made 
many tests on the magnetic disturbances produced by tram- 
ways and railways, particularly by the Stockton tramways 
and by the Waterloo and City Railway, and we have had 
many meetings with the traction engineers, but nothing has 
yet been decided. 

I mention this matter, which has given great anxiety to 
scientific men, because I am afraid that some of you may 
think when you hear of it that I have been acting against 
the interests of the electrical industry. I beg to assure you 
that I have been acting in your best interests. As an 
electrical engineer І ought surely to regret the use of un- 
insulated returns even if we leave Kew Observatory out 
of account. Suppose we do not now insulate our returns. 
Electricity will certainly return by gas and water pipes, and 
the amount of harm done to those pipes is merely a question 
of time. Because of the ignorance of legislators and gus 
and water companies, nothing is said just now, but will 
nothing be said at the end of ten or twenty years when 
pipes are found to be eaten away everywhere? And if by 
a slight increase of expense, or rather, as I think, actually 
no increase of expense, but merely a little increase in 
inventiveness апа common sense оп the part of clectrical 
engineers, this evil may be entirely prevented, surely it is in 
the interests of all of .us that insulated returns should be 
insisted upon. But even if we do not. insist on insulating 
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the returns in all systems, surely something may be said for 
the giving of this protection on lines near such a magnetic 
observatory as Kew. Even the magnetograph records now 
being made have been continuous for forty-five years, and 
if Kew is interfered with no sum of money can compensate 
for the interference; for if the Observatory were removed 
the future observations would have no link with the past. 

An engineer іп this room declared that it seemed to 
him an injustice to hamper the progress of electric tram- 
ways “for the sake of making observations that never have 
given, and never may give, to the world any important 
results.” Now, itis not so much on account of Kew that 
І object to this sort of observation, as for its general spirit 
of antagonism to scientific research. 

There is no doubt that the answer to the old question 
which Gilbert might have asked three hundred years ago, 
“What is the cause of terrestrial magnetism?” is very 
jealously hidden from us by Nature. The earth probably 
contains much iron, but its great internal heat seems to 
forbid our imagining the iron to be magnetic. The assump- 
tion that a negative electric charge on the rotating earth 
will explain things, requires such an enormous charge that 
this assumption has been discarded. There are annual and 
diurnal variations of a fairly regular kind ; there are storms 
which have some relation to the Aurora Borealis, to sun- 
spots and to earth currents. There are small sudden 
changes which seem to occur almost instantaneously all 
over the earth. Observations of these things may be 
useless from some points of view, but scientific men have 
been and continue to be willing to give up time and much 
money for this object. Utilitarians had to be cajoled 
through superstition to allow observations of the stars to 
be carried on in ancient times, and we have no such 
cajolery to offer. We simply say that it has been through 
this sort of useless-looking method of working that all our 
progress in science has come. 

Engineers descended from men who need at Caven- 
dish and Franklin and Volta and Oersted and Ohm and 
Faraday, are you who utilise the results of the work so 
sneered at and pile up fortunes in consequence of it, are 
you the men to sneer at and ridicule the scientific work of 
the present day because it seems to you uscless ? 
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Tell us a better method of observation ; give us better 
suggestions as to what these magnetic phenomena may 
mean ; but the past record of scientific observation. enables 
us to laugh at you when you say that magnetic observations 
may never give the world any important results. Was 
Nature ever so open and yet so closed about a secret as 
she 1$ about this one of terrestrial magnetism ? Was there 
ever one whose revelation promised so much? How very 
little we know of electricity and magnetism! Does the 
mere motion of the earth, taking no account of electric 
charges at all, cause it to be magnetic? Almost anything 
is on the cards. Surely I need not appeal to your cupidity, 
but it is quite possible that our knowledge of this secret 
may enable us to tap a tremendous store of Nature’s energy. 

Gentlemen, this is not a trades union, and it is not a 
society for the furtherance of pure scientific research, but 
it is a society of professional men who recognise the past 
services of scientific observers with gratitude and respect, 
and hope for greater ones in the future. And shall it be 
said of us that our gratitude 15 not greater than that of 
Judas, to whom indeed thirty pieces of silver was doubtless 
a large sum; that “ we have given our hearts away a sordid 
boon;” and that as to our future hopes we are willing to 
sell our birthright for a mess of pottage ? 


Professor GEORGE FORBES: I am much gratified in 
being permitted to propose “ That a hearty vote of thanks 
be offered to Professor Perry for his most interesting 
address, and that with his permission the address be printed 
in the Journal of the Proceedings of the Institution.” 1 
think you will all agree with me that you have a President 
who has shown by the splendid address which we have just 
heard that he is a man who can form his views in an 
independent spirit, that he will bring them forward at the 
right time in an effective manner, and has no fear of their 
being pleasing or displeasing to anybody in the world as 
long as he feels he ought to put ет forward. As long as 
we have such men among our body he need have no fear 
that our engineering will fall behindhand. We shall, so long, 
have men who will have the boldness, the imagination, and 


the spirit to carry out new engineering works in the face of. 


the world. I have seldom listened to a more interesting 
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address than the one that is concluded, and that has been 
only too short. "There is a great deal that Professor Perry 
has kept back that he can still produce on the same strain, I 
am perfectly sure. At the same time І am sure that each 
one of us here has found much in the address which he 
would like to argue out with Professor Perry quietly over a 
table. This is not a fitting occasion, however, to argue the 
various points, but there is no doubt that every single point 
which has been raised by Professor Perry is one worthy of 
discussion, апа one that each of us would benefit by 
thinking out thoroughly for himself, and seeing it in the 
new light in which it has been put before us by Professor 
Perry. Не has told us that the three classes who are 
necessary to the furthering of our profession are in danger of 
falling behind—the consulting engineers, the manufacturers, 
and the capitalists who own the plant. I think we must all 
feel that there is this danger, and that if we do not bestir 
ourselves we shall be running a serious risk of being left 
behind. I could say a great deal of the conclusions one 
has arrived at on these points, but this would not be the 
time to do $0. I certainly agree with a great deal of what 
Professor Perry has said on these subjects, and on certain 
others I hold different views which I should be very glad to 
talk over with him some other time. 

I think it augurs well for the state of the profession in 
this country that the address which we have heard has been 
listened to, not only with such rapt attention, but with such 
manifest approbation by so large an audience of engineers 
here. In the earlier days of electrical engineering I do not 
think that Professor Perry would have been applauded so 
much when he spoke about the benefits of theory. The 
period, however, is past now when engineers despised know- 
ledge, when it was the commonest thing in the world for an 
ignorant man to brag about it and say, “Оһ, lam not а 
theorist; І до not know anything about theory. I am a 
practical тап.” What an assumption for any man to claim 
for himself such a splendid title! Тһе practical man is the 
man who knows everything, and who has imagination, and 
resource, and the readiness to apply it when it is required. 
It was the most egregrious act of assumption to have claimed 
such a title, and there are few engineers who, in the fullest 
sense, deserve that splendid title of being practical men. 
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Professor Perry has made that as clear as possible to-day, 
and the advance in thought that has come of late years has 
shown that these views are appreciated, and that knowledge, 
rightly applied, is at the basis of success in engineering. 

So also we must appreciate the value he has attached to 
pure physical science, to laboratory research, and still more 
to mathematics, which 15 a tool that enables us to put our 
knowledge to practical use. I think it was Sir William 
siemens who told us that he considered mathematics were 
a very good servant but a very bad master. Mathematics is 
really a process of logic, and when your premises are given, 
your mathematics ought to give the correct deduction and 
the right conclusion. The difficulty is in getting your 
premises. Lord Westbury once said, with regard to logical 
argument, to a rising barrister, “ Never be in fault in deriving 
wrong conclusions from facts : the facts are at your own 
disposal." 

I think we must all have felt, in listening to this address, 
that there was something that inspired us and filled us with 
admiration, besides the mere words which were uttered, and 
that is the obvious thought that had been required, the long 
period of thought from which this address resulted. We 
felt that it was evidently the result of years of thinking, and 
the obvious sincerity апа earnestness of the speaker con- 
vinced those who might not have held the same views before 
they came into the room. Again, the charm of language | 
and the telling way in which the facts have been put before 
us have raised this address very far above the average. In 
fact, it has confirmed the opinion which, I suppose, is pretty 
universal among literary men, viz, that the finest, most 
enthralling, most imaginative and poetic work that has 
been published in the lifetime of any of us, after the 
* Prisoner of Zenda," is Professor Реггув book upon 
spinning-tops. 

Dr. SILVANUS P. THOMPSON: This notice will be seconded 
by our oldest past-President present, who happens also to 
be the oldest living telegraph engineer, Mr. Spagnoletti. 

Mr. C. E. SPAGNOLETTI : It gives me great gratification 
and pleasure to have the opportunity of seconding the vote 
of thanks proposed by Professor Forbes. We are all very 
much indebted for the lesson we have received to-night. 
I hope all our young members will lay it to their hearts, and 
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profit by what they have heard, so that they may get their 
reward. Professor Perry is a man of great energy and 
power. I believe it is only yesterday he was down at New- 
castle, throwing his mantle over the northern branch of our 
Institution, and assisting in the business there which proved 
such a very great success. The labours of that day were 
heavy upon him. He had to be up again early to-day, and 
after his journey he is here to-night to give us the benefit of 
his advice. I have great pleasure іп seconding the vote of 
thanks. 

The motion was carried by acclamation. 

The PRESIDENT : І can only say that it has been exceed- 
ingly good of you to listen to me with so much attention. 
I knew that you would, whatever I might say and whether 
you approved or disapproved, but I did not expect so much 
enthusiasm. It was especially good in Professor Forbes to 
speak as he has done, and it has been very pleasant to listen 
to Mr. Spagnoletti. Of course I know perfectly well that 
when you have time to reflect you will like to argue out this 
whole business, for there is plenty to be said on the other 
side of each of the questions I have raised. But then we 
are always saying those other things, whereas to-night I 
wanted to say these things. 

When Colonel Crompton and 1 bicycle together in the 
morning before breakfast, we take opposite sides and some- 
times we change sides in discussing these questions, and I 
have discussed them with many others of our prominent 
members, and all through this address I have let you see 
how well I know that there is another side. 

Mr. Spagnoletti has referred to the Newcastle local 
section. Gentlemen, I have great pleasure in going to see 
these colonies of ours, and the Newcastle one is as inter- 
esting as any. We sat down to dinner last night, about 
sixty of us; Mr. Heaviside, who has come all the way to 
hear this address to-night, was in the chair ; and a better 
looking set of heads, engineering heads, thoughtful heads, 
it would be very difficult to ind anywhere. I congratulate 
you on your colony at Newcastle, and I congratulate myself 
on not being quite too tired with my two days' journcy to 
read my address to you. I thank you again for your 
attention and applause. 
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The Three Hundred and Fifty-first Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, 25, Great George Street, West- 
minster, on Thursday evening, November 22nd, 1900 
—Professor JOHN PERRY, F.R.S., President, іп the 
Chair. 


The minutes of the Ordinary General Meeting held on 
November 8th, 1000, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that they 
should be suspended. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Members— 
Francis Gibson Baily. 


From the class of с to that of Associate 


Members— 
Ernest Denn Long. 


Messrs. R. Tervet and E. Brothers were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Library and the Building Fund were 
announced as having been received since the last meeting, 
to the Library from Mr. E. Garcke and to the Building 
Fund from Professor Epstein, Mr. T. Cushing, Mr. W. von 
Siemens, Captain E. W. Creak, Mr. R. von Boschan, Mr. 
К. Portelli, Mr. W. M. Mordey, Sir Henry Mance, and 
Colonel R. E. Crompton, to whom the thanks of the 
meeting were duly accorded. 


The following paper was then read :— 
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TELEGRAPHS AND TELEPHONES AT THE 
PARIS EXHIBITION. 


By |. GavEv, M.Inst.C. E., M.I.E.E. 


The successive Universal Exhibitions that have been held 
їп Paris since the year 1878 may not inappropriately be 
regarded as milestones along the road of progress in Tele- 
graphic and Telephonic industries, for each in its time has 
not only afforded unrivalled opportunities for the study of 
new work, but collectively they offer conclusive evidence of 
the value of the various discoveries or fresh departures that 
have been made from time to time in various fields of re- 
search, and the degree of success that has been achieved by 
past inventors and workers may usefully be laid to heart by 
those engaged in similar efforts at the present moment. 
Thus, for example, glancing back at the reports of the Paris 
Exhibition of 1878, there will be found in the list of tele- 
graphic exhibits the Hughes type-printing, the Baudot 
Multiple, the Duplex, the Quadruplex, the Wheatstone, and 
other systems which have achieved permanent success, as 15 
forcibly illustrated by the State Telegraphic Exhibits of 
working apparatus in the тдоо Exhibition, in which they 
all appear as instrumeuts in daily use. On the other hand, 
many apparently promising inventions which were pro- 
minent in the 1878 and in successive Exhibitions have either 
dropped out of sight altogether or are still in the course otf 
development--so far, at all events, as actual practical use is 
concerned. 

Class 26 in the catalogue includes Telegraphs, Tele- 
phones, and Phonographs, and I propose to deal with the 
sub-divisions in this order. Further, I may add that in the 
brief review that I have undertaken of the exhibits in this 
class I propose to dwell only on those which show consider- 
able novelty, or which illustrate the progress made during 
the last decade, rather than to attempt an exhaustive descrip- 
tion of the class as a whole. 

Under the head of Telegraphs there are three distinct 
systems of Telegraphy which deserve special mention, each 
exhibiting considerable merit from the scientific point ot 
view, although possibly they may be unequal from the 


74 GAVEY : TELEGRAPHS AND TELEPHONES |Хох. 22nd: 


practical standpoint. They are designed either with a view 
of increasing the amount of traffic which can be carried by a 
telegraph circuit, or of abolishing the transcription at the 
receiving instruments necessary with Morse methods; but 
they are based on very different principles. 

Rowland’s Multiplex.—The Rowland Telegraphic Com- 
pany of Baltimore, Maryland, exhibit an apparatus of the 
multiplex type of working which will admit of eight 
messages being sent simultaneously, four in each direction. 
The apparatus was at work in the Exhibition, and we 
were told that satisfactory results had been obtained 
over a distance of six hundred miles of actual line in 
America. "This is so far in excess of the mileage over which 
we have been able to work in this country with Delany's 
Multiplex, that a brief explanation of the principle of multi- 
plex working generally may fitly precede a description of the 
new invention. 

Multiplex telegraphy 15 based on the fact that the carrying 
capacity of an overhead telegraph circuit 15 far іп excess ot 
the speed at which a telegraphist can manipulate his key. 
For example, a wire which, worked by automatic Wheat- 
stone, could dispose of three hundred words per minute, 
if worked by hand can only carry on an average thirty 
words per minute. The inventors of the Delany system of 
Morse multiplex have therefore designed a method of in- 
creasing the carrying capacity of a wire, while retaining the 
ordinary method of key manipulation, which 1s based on 
the following general principles: Two commutators, each 
divided into a considerable number of separate segments, 
are fitted at opposite ends of a circuit. Groups of these 
segments are connected in proper sequence to the number 
of instruments to be worked simultaneously, while between 
each group certain segments are reserved for the mainten- 
ance of synchronism, The brushes to which the line wire 
is connected are caused to revolve synchronously by suitable 
means, and as they sweep over the segments they complete 
the telegraphic circuit for a very brief interval through three, 
four, Or six corresponding pairs of instruments manned by 
separate operators—frst, No. 1 instrument of one terminal 
station being connected to No. 1 instrument of the other ; 
next, No. 2 to No. 2, and so on. These successive connec- 
tions follow one another so rapidly that, although the initial 
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current necessary to signal a dot or a dash in the Morse 
system from No. 1 instrument at one end to No. r instru- 
ment at the other may be interrupted four or five or six 
times, these interruptions are of such brief duration that 
they do not affect the continuity of the signal received, any 
tendency in that direction being counterbalanced by suitable 
methods. In this manner, with the Post Office Delany 
svstem, six messages may be simultaneously in course of 
transmission over the same wire without the signals inter- 
fering with each other, so long as the synchronism of the 
revolving brushes is maintained. This being premised, if 
the electric current traversed the line from end to end 
without retardation, there would be no limit to the distance 
over which this method of signalling would be available. 
Unfortunately, however, the current is retarded between the 
forwarding and receiving stations, this retardation being 
largely due to the electrostatic capacity of the line, in com- 
bination with its resistance, and although in practice suitable 
arrangements provide for a certain amount of retardation of 
the line current, still a point is soon reached beyond which 
satisfactory working of the existing Multiplex system be- 
comes practically impossible, the current say from No. 1 
instrument at one end arriving at the other end after the 
line has left No. 1 instrurhent and has been connected to 
NO. 2. 

А modification of the above system, designed by Мг. 
Pollock, of the General Post Office, is intended to obviate to 
some extent this difficulty. Ву an improvement in the 
method of synchronising which abolishes hunting, and by 
dividing the commutators into two concentric series, one 
for transmitting and the other for receiving, and mounting 
them so that one. series may be revolved relatively to the 
other by a variable adjustment, it is possible to arrange that 
the receiving contacts shall lag behind the transmitting ones 
for exactly the period taken by the current in traversing 
theline. This method is still under experimental trial, but 
it is at present only adapted for Morse signalling. 

The Rowland apparatus has the following promising 
characteristics :— 

Messages are transmitted from several sets of keyboards 
of the typewriting character, and any typewriting clerks 
should, with a little practice, be able to manipulate them. 
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The messages are received on instruments which print them 
in ordinary type on a long roll of paper, which is perforated 
at convenient intervals to facilitate division when the 
received. messages are printed. 

The electrical apparatus consists of an alternate current 
dynamo as the source of power, from which a continuous 
series of electrical undulations traverse the circuit when no 
printing signals are being sent. 

The synchronism between the receiving apparatus and 
the alternating. currents, on their arrival from the distant 
olfice, is provided for by means of a small continuous 
current. motor, to which is rigidly geared a little alter- 
nator, both fixed on a shaft in the same axial line as the 
main driving shaft of the receiver. А circuit in which are 
two condensers, which are alternately charged and discharged 
from a battery by the to-and-fro movement of the main 
relay tongue actuated by the received alternations, 15 so 
connected up with the alternating motor on the receiver, 
that when the received undulations from the line and those 
due to the local alternator on the receiver are іп unison, 
only a continuous uniform beat is heard in a telephone used 
as а synchronising detector. The speed of the receiving 
alternator is varied, by the insertion. of resistance in the 
motor driving it, until this result is arrived at. Once attained, 
synchronism 18 maintained automatically by the local alter- 
nator acting either as а dynamo or motor, according as the 
speed of the shaft tends to advance or recede. The main 
driving shaft on which the printing mechanism 15 mounted 
is revolved by a second independent motor, and by suitable 
adjustments of the resistance in this motor circuit the correct 
speed is arrived at. This done, then so long as the two shafts 
run with absolute uniformity a little jockey wheel connected 
to the first rides on a small insulated point in a disc attached 
tothesecond. If the main driving shaft lags, the jockey wheel 
makes a brief contact which reduces the resistance in the 
circuit of Фе driving motor, thereby increasing its speed, 
whereas if it advances a second contact is made which 
energises an electro-magnet and establishes а magnetic 
break by the generation. of eddy currents in а copper 
disc revolving between its poles. The synchronising of 
the two sets of apparatus, therefore, is a relatively simple 
matter; and as the receiving apparatus is synchronised 
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so ав to run in unison, not with the distributing discs 
at the forwarding end, but with the retarded currents 
which arrive at the receiving end, there is no reason to doubt 
the possibility of working for much longer distances than is 
possible with the original Delany system. 

Geared on to the shaft of the sending alternator is a dis- 
tributing commutator with fifty-two segments, and four 
groups of eleven consecutive segments are connected each to 
a set of eleven levers actuated by the transmitting keys. 
The odd segments serve other purposes. А second series of 
four equal segments are connected each to one of the four 
sets of keys, and these acting on a special electro-magnet on 
the keyboards admit of any depressed type key actuating 
the corresponding levers at the right periods only. 

When no type keys are depressed, the alternator sends a 
continuous series of undulations to line, whilst the depres- 
sion of a key by actuating two out of the eleven levers on 
the keyboard causes two half waves, always with a complete 
undulation between them, to be cut off, and this suppression 
of current actuates the receiving apparatus. 

The receiving relay has two tongues: one, already 
referred to above, serving to establish and maintain. syn- 
chronism ; the other actuating cither the printing relays or 
those for shifting the paper. Each of the four type receivers 
has eleven electro-magnets in the local circuit of the second 
tongue of the line relay, each electro-magnet being con- 
nected to a segment of the receiving commutator which 
corresponds with, and revolves in synchronism with, the 
main commutator on the transmitting dynamo. When 
no signals are being sent, the currents from the line relay | 
pass through the local relays in such a direction as to keep 
the tongues against the spacing side, but the omission of two 
half-waves causes the tongues of the two corresponding 
relays to drop over to the marking side, and this acts on the 
electro-magnets which print the corresponding letters, or 
which shift the paper, as the case may be. 

A revolving cylinder, with a transverse mark on the 
transmitting keyboards, keeps the typewriter at the far end 
informed of the position of the receiving roll, and advises 
her when to advance it vertically and shift it horizontally so 
as to commence a fresh line. 

It is stated that each operator can send at the rate of 
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thirty words a minute, so that with. duplex arrangements a 
speed of 240 words should be obtained, with the advantage 
that the messages are detached from the receiving instru- 
ments in a condition to be sent out for delivery, without 
the necessity for transcription that the existing method of 
multiple Morse working of course involves. 

Mercadier's.—Monsieur Ernest Mercadier, of Paris, 
exhibits his multiple telegraph system, іп which it 15 said 
that twentv-four messages can be simultaneously trans- 
mitted over one circuit, twelve іп each direction. It is 
based on the harmonic system of telegraphy, one form of 
which was devised by Elisha Gray many years ago. Mer- 
cadier's method, however, is not a copy of Сгау’з, as Бу 
the use of telephone receivers and transmitters combined in 
various ways he has designed an absolutely independent 
method. Harmonic telegraphy depends on the fact that if 
a number of vibrating reeds, each differing by a certain 
defined period, say of a musical note, be so connected that 
each in the course of its vibrations causes a series of 
currents to be sent into a line wire, the resulting current so 
formed consists of a series of irregular but well-defined 
curves, which are due to the combination of the whole 
series of vibrations emitted by the different reeds, just as in 
a musical note the sound curve is not а simple one, but is 
that due to the fundamental note on which are super- 
imposed the overtones. At first sight it would appear as 
though it would be impossible to dissect the combined 
current curves, due to the superimposed currents, into their 
initial undulations. In practice, however, if each of the 
receiving reeds or telephones, joined up at the receiving 
end, be tuned to exactly the same pitch as its corresponding 
transmitting recd at the far end, the receiving reed will 
respond to the current of the corresponding transmitting 
recd and to no other, and суеп though the whole of the 
transmitting reeds are worked simultaneously, each being 
used for sending separate Morse characters, the respective 
recciving reeds select the Morse characters of the right note 
and disregard all others. 

Ав transmitters, Mercadier uses electrical vibrating 
reeds of a well-known character, and as receivers he uses 
a combination of a telephone and a microphone, the latter 
sending out a powerful series of undulations into the local 
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circuit, these undulations being selected by suitably designed 
telephones, which only respond to the vibrations to which 
{Беу are tuned. 

The method, therefore, is a Morse method pure and 
simple, in which, so far as the operating 1s concerned, the 
telegraphist uses а Morse key for signalling, and the 
receiving telegraphist uses telephones as sounders. I learnt, 
whilst in Paris, that the apparatus had, in the course of 
certain trials, worked satisfactorily between Paris. and 
Bordeaux, but it requires a. metallic loop for thoroughly 
satisfactory working. 

"irág and Pollak.—Messrs. Virág and Pollak exhibit 
their photo-autographic telegraph apparatus, in reference 
to which so much has appeared іп the public press. 

The original system, as exhibited in the Hungarian 
section of the Exhibition, consists of a telephonic receiver, 
to the centre of the diaphragm of which is attached 
an arm which conveys the vibrations of the diaphragm 
to a small mirror. A spot of light falling on the mirror 
is reflected on to a photographic band, and when the 
instrument 15 started any movement of the mirror is 
photographed on the band. Morse signals are transmitted 
“Бу an automatic method, and the record is impressed on 
the photographic band іп а series of curves representing 
the Morse alphabet. It is claimed that an abnormally high 
speed can be attained, but the system had this disadvantage, 
in common with ordinary Morse methods, that the whole 
of the transmitted matter has to be deciphered and written 
out by the receiving telegraphists. 

During the meeting of the Electrical Congress held in 
the month of August, however, a paper was read describ- 
ing a most ingenious modification of this system, by means 
of which .the telegram is received not merely in arbitrary 
Morse signals, but in ordinary written characters. 

In the modified system a metallic loop is employed, but 
it is joined up so as to form two circuits, Fig. 5, one being 
the ordinary metallic circuit, and the second a bridged and 
superimposed earth circuit of the type well known in tele- 
phony. To each of these separate electrical circuits is con- 
nected a telephone with a mounted mirror, which is 
vibrated by the movement of the diaphragm. These 
mirrors are so placed in relation to one another that a 
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spot of light is reflected first on one, then on the other, and 
lastly on the photographic record. The function of one of 
the mirrors is to receive impulses representing the vertical 
component of ordinary written Latin characters, whilst the 
second mirror receives the horizontal components. Тһе 
transmitting is arranged by means of a punched slip with 
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five series of perforations; the first three transmitting 
currents to the vertical component mirror, and the second 
two to the horizontal one. The line of perforations marked 
т, Fig. т, transmits a negative current of a defined voltage ; 
row 2, a positive current of the same voltage ; and row 3,2 
positive current. of double the voltage. Rows 4 and 5 
transmit through the horizontal component telephone 
simple reversals. | жалы 
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Two sizes of holes may be perforated along either of the 
rows, thus admitting of long or short contacts, and by 
means of a specially designed combination of perforations 
the vertical and horizontal components are so co-ordinated 
as to admit of the reproduction of written characters at the 
receiving end. In the diagram, Fig. 1 illustrates the per- 
forations necessary for the transmission of the word “ Tele- 
graph"; Fig. 2 shows the vertical components ; Fig. 3 the 
horizontal ; and Fig. 4 the resultant. 


TELEPHONEs. 


The advance in telephonic practice has, on the whole, 
been greater than in the branch of telegraphs devoted to 
the transmission of public messages. The invention and 
perfection of the manufacture of dry-core paper insulated 
cables has resulted in the more important of the telephonic 
administrations, both in the Old and New Worlds, under- 
taking the substitution of metallic in the place of earth circuits 
for telephonic intercommunication. With the means at their 
command at an earlier period telephone engineers were 
practically restricted to overhead work at their large ex- 
changes, and although they realised the disadvantage of 
earth circuits, few of them could face with equanimity the 
doubling of the huge number of overhead wires necessary 
for metallic loops. Nowa dry-core cable which will serve 
two hundred subscribers may be drawn into a 3-in. pipe, 
and in the course of a few short years an earth circuit tele- 
Phone will be a thing of the past. Not only has this resulted 
ІП а silent and undisturbed subscriber's circuit, but it has 
admitted of the introduction of improved telephones and 
mproved switching arrangements. With an earth circuit a 
low-power microphone had necessarily to be used in order 
to diminish the disturbance on neighbouring wires, for 
obviously the greater the current emitted, the greater the 
mutual induction ; but with metallic loops improved tele- 
Phones of the granular type have been generally introduced. 
The placing of the wires underground has likewise admitted 
of Increasing the number of subscribers connected to each 
Central switch, and this has led to improved methods of 
automatic signalling. | 

VOL. ххх. 6 
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There is, perhaps, one point in modern telephone work 
which may here be referred to with advantage, and that is 
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the general tendency in the direction of the introduction of 
automatic signalling in modern exchanges. When first the 
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Post Office opened its local exchanges in the provinces Sir 
William Preece insisted on the need for this method in 
order not only to simplify the work of the subscriber, but to 
ensure the sending of a ring-off signal to indicate the close 
of a conversation. 

At that date automatic signalling could only be effected 
by the use of primary batteries at the subscriber's office, and 
objection was taken to the method on account of the 
alleged expense of these batteries. Given, however, the 
necessity for maintaining a couple of speaking cells at each 
subscriber's instrument, the extra cost involved by the 
addition of two or three more cells for signalling purposes 
was not so great as was imagined, for a considerable 
portion of the total maintenance cost arose from the loss of 
the men's time in locomotion. Тһе principle has, however, 
spread, and most modern installations at present comprise 
some method of automatic calling and clearing signals. 
The diminution in the work thrown on the operator by the 
use of a well-designed method of signalling, which reduces 
the speaking to the mere words, “Number, please,” 
"through," or “busy,” is highly advantageous in respect 
both of economy of working and in facility of manipulation. 

Central Battery Telephone Switches—A central battery 
automatic signalling exchange switch, exhibited by the 
Western Electric Company, illustrates the system that 15 
being rapidly extended throughout the whole of the United 
States, and which has been adopted by the British Post 
Office in London, by the National Telephone Company in 
some of its centres, and by the Belgian Administration in 
Brussels, Тһе system has been described recently by 
myself and others, and space forbids a complete technical 
description which would demand a separate paper for due 
consideration. For the purpose of discussion, however, it 
may be stated generally that the advantages claimed іп favour 
of the system are broadly of the following character :— 

(1) The generation of current in an economical manner 
at the Central Exchange for speaking and signalling pur- 
poses, 

(2) Uniformity in the character and volume of articulate 
Speech owing to the speaking current being always neces- 
sarily maintained at the point of highest efficiency. 

(3) Economy of maintenance owing to the absence of 
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primary batteries, and the reduction of the parts liable to get 
out of order at the subscriber's office to the minimum. 

(4) А complete system of automatic signalling which 
reduces the need for the operator's intervention to the lowest 
degree. 

(5) The use of small glow lamp signalling indicators 
which admits of each indicator being placed in immediate 
proximity to the jacks or cords to which the indications 
refer. 

(6) The possibility of using coloured lights to indicate 
special rights, such as toll rates, flat rates, deposit accounts 
for trunk conversations, &c. 

(7) The use of a telephone meter for registering the 
number of conversations initiated by toll-subscribers. 
This method 18 not necessarily confined to central energy 
switches. 

Postel-Vinay Switches.—The French firm of Postel-Vinay 
exhibited a system recently introduced at the newest of the 
Paris exchanges near the Avenue Вгейеші, the most striking 
feature of which is a remarkably small and well-designed 
automatic indicator which can be placed immediately over 
the jack for working the junction circuits. A set of these 
is shown on the table, but I think that signalling lamps are 
on the whole preferable to electro-magnetic indicators. 

Siemens and Halske.—The firm of Siemens апа Halske 
likewise exhibit a flat board of considerable capacity with 
certain details of signalling which are of interest. Time 
does not admit of a general description, but there is one 
point of novelty to which reference should be made—that 
is a combined local subscriber’s jack and indicator. The 
call is indicated by the appearance of a small disc at the 
mouth of the jack. The disc is attached to the extremity of 
the armature of а “Hughes electro-magnet. It is held in 
position by the magnetism of the core, is released by the 
reversing action of the current indicating the call, and is 
restored to its normal position by the mechanical insertion 
of the answering peg. It is, of course, again held in 
position by the permanent magnetism of the retaining 
electro-magnet. 

Again, an ingenious method of automatic ring-off is 
provided by means of a local battery joined through the 
indicator at the exchange, the effect of which is neutralised 
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Бу ап opposing polarisation cell at the subscriber's office, 
which is in circuit when the speaker's telephone is off the 
hook. At the close of the' conversation, however, and on 
the restoration of the telephone, this second cell is out of 
circuit, the local battery іп the exchange actuates the 
indicator, and the connection is severed by the operator. 

It may be observed that Messrs. Siemens & Halske in 
their descriptive pamphlet specify the following conditions 
for satisfactory exchange working :— 


I. The Exchange should possess the greatest possible 
facilities for accommodating new subscribers, hence : 

(a) The jacks must be as small as possible, yet not so 

small as to impair their insulation and durability. 

(^) All other parts must also be very small and com- 
pactly built (the indicators are placed out of reach 
and are self-restoring). 

2. To economise expenditure for working, fitting, and 
space, the manipulation required must be reduced to a 
minimum, so that one operator may ‘attend to as many 
subscribers as possible. То achieve this, 

(a) The indicators must be self-restoring, and the 
operator's speaking apparatus must be placed in 
circuit automatically. 

(b) The clearing signal must be perfectly certain in its 
action, and must not depend on the subscriber. 


Party-line Telephones.—Several forms of party-line tele- 
phone circuits have been designed and exhibited, i.e., 
arrangements designed to serve several offices on one 
circuit. These are used largely on light railways to provide 
communication between the headquarters and the various 
stations on a circuit, each being called by a step-by-step 
arrangement at will, without disturbing the others. Тһе 
step-by-step switches which are placed at each office are 
actuated by battery currents of one polarity, and when these 
switches are in the position indicating the number of the 
office required, areverse current is used for ringing up the 
“Wanted” subscriber. A needle on each of the dials 
indicates the number of the office that has been called, and 
by so doing it further announces the fact that the line is 
engaged. 
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There were likewise one or two automatic telephone 
switches which provide for subscribers to a small tele- 
phone system obtaining connection with other subscribers 
without the intervention of a switching operator. So far 
these svstems have a limited. use where a service designed 
to provide for special conditions i5 required. 

А neat little switch-board for private use was shown by the 
“Socicté par Actions du Bureau Electrique," in which con- 
nection between any two lines is effected by pressing a 
button which makes the necessary line contacts and remains 
depressed until on the receipt of the ring-off signal it 1s 
released by giving it а quarter revolution on its axis. It 
then springs back automatically into the position of rest and 
restores everything to the normal condition. The use of 
pegs and cords 15 thereby dispensed with. 

Carbous for Micropliones..—The manufacture of carbon 
granules for microphones has received considerable atten- 
tion. These appear in two forms—one the irregular granule 
that so far has been most generally used in this country, the 
other consisting of small spheres varying in size from 
ordinary dust-shot to the (АҺ of an inch in diameter. 
There appears to be little to choose between the two forms 
of granules for microphone purposes. 

1 observed great diversity in the details of construction 
of telephones and microphones exhibited by French firms. 
The State Administration compels subscribers {о provide 
their own telephones, and these may be purchased at will 
from any one of a number of manufacturers who comply 
with the specification of the Administration. The result is 
that a very large number of local manufacturers have 
sprung up throughout the country, each exhibiting a special 
telephone which differs in some local details from all 
others. The result, from an exchange point of view, 15 
not good. The speech from different subscribers varies 
materially according to the type of instrument used, and 
none of these local inventions are better than the ordinary 
type of telephone in use in this country. 

As illustrating various modern methods of laying under- 
ground conduits for telephone and power circuits, the 
cement duct system designed by Mr. Hultman, of Stock- 
. holm, was exhibited in the Swedish section, and the Belgian 
Administration showed in their State Pavilion a section of 
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the single-duct built-up system which they have laid in 
Brussels. Both these methods are in use in this country, 
the Hultman system having been very largely used by the 
National Telephone Company, whilst the single-duct built- 
up method has been adopted by the Post Office for its 
London telephone system. Тһе Hultman system 15 per- 
haps the cheaper of the two, whilst on the other hand the 
built-up system is, I consider, the stronger and more re- 
liable. А few blue-prints illustrating the method of con- 
struction used іп London are on the table, and can be 
examined at the close of the paper. 


WIRELESS TELEGRAPHY. 


There are four exhibits of wireless telegraphy in the 
exhibition. 

Post Office System.—An Шивігайоп by means of coils ot 
the Post Office Electro-magnetic method originated by Sir 
William Preece appears in the Post Office exhibit. 

Ducretet and Popoff——Monsieur Ducretet exhibits his 
Hertzian system, which it is understood he designed in con- 
junction with Monsieur Popoff, the Russian inventor, and 
which has been adopted in the French Navy and, it is 
believed, іп the Dutch. There was nothing to specially 
distinguish it from the Marconi system in this country. 

Slaby and D'Arco.—The Algemeine Elektricitats Gesell- 
schaft exhibits a system designed Бу Slaby and D'Arco in 
Berlin, and this deserves a little consideration, as the 
inventors have replaced the usual vertical insulated wire, so 
well known in connection with wireless systems in this 
country by a vertical cage, the upper end of which is con- 
nected to earth. This is illustrated in Fig. 6. At first sight 
it would appear as if the effect of the cage would to some 
extent be neutralised by the waves emanating from the 
return wire to earth, but probably the self-induction of the 
earth wire practically confines the oscillations to the cage. 
This, however, is an interesting subject for speculation and 
investigation. 

The American Wireless Telegraph Company exhibits a 
system in which a pneumatic arrangement has been designed 
for decohering, the object being to reduce the number of 
relays and magnets in the combination, with a consequent 
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diminution of the local Hertzian waves which tend to inter- 
fere with accurate reception. 

Poulsen Microphonograph.—Perhaps the invention of the 
greatest scientific interest is the Poulsen Microphonograph, 
by which a telephone conversation can be permanently 
recorded on a steel wire, and reproduced at any time. 

In this apparatus a steel wire, or a steel band, is moved 
by any suitable means with considerable velocity between 
the poles of a small electro-magnet. On speaking into a 
telephone transmitter joined on the circuit, the undulatory 
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currents set up in the transmitter react upon the electro- 
magnet and cause a continuous variation in the direction 
and in the degree of magnetism at the poles of the electro- 
magnet. "These variations are permanently recorded on the 
steel wire as it rushes by, and when the message is complete 
the steel wire retains a definite record of what has taken 
place in the shape of a continuous series of transverse 
magnetised lines varying throughout in their polarity and in 
their strength. On connecting a telephone receiver to the 
electro-magnet, and again starting the wire on its course, 
this magnetised wire generates electric currents in the coils 
of the superimposed magnet as it passes between its poles, 
and these electric currents, which are the exact counterpart 
of those generated by the original voice, cause the telephone 
to repeat what was said in an almost absolutely perfect 
manner. In one variation of the instrument an endless 
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steel band was caused to revolve at a high speed around 
two wheels which stretched it out to its full extent. On 
one portion of the band was placed a magnet connected 
with a microphone ; further on were half a dozen electro- 
magnets connected with as many telephones ; and finally an 
eleciro-magnet through which circulated а permanent 
current. As the band rushed by in the course of its revolu- 
tions it picked up the magnetism from the speaking micro- 
phone circuit, next it reacted on the clectro-magnets 
connected to the telephones and caused them to speak, and, 
finally, on passing under the electro-magnet through which 
à steady current was flowing, the whole of the impressed 
magnetism was neutralised and the band wiped clean, so to 
speak, and rendered ready to receive a fresh impression. 

At present this invention is in the early stage of scientific 
discovery. It may be used by a telephone subscriber to re- 
cord an important communication, and it promises to afford 
means of obtaining a telephone repeater, a problem which 
has been before the electrical world for the last twelve years, 
and which so far has not been solved in a satisfactory 
manner. A telephone repeater would increase the range of 
telephonic speech and decrease the cost of long lines. The 
President of one of the American telephone companies some 
time ago offered publicly a reward of 1,000,000 dollars for a 
thoroughly satisfactory telephone repeater, but the money 
has not yet been earned. 

Telephone Hirmondo.—Amongst the miscellaneous ex- 
hibits is one by the “Telephone Hirmondo” which provides 
news and musical transmission alone, but without telephone 
intercommunication, in the city of Buda Pesth. Techni- 
cally there is very little information to be derived from the 
exhibit, which is rather statistical than technical, but I was 
rather surprised to learn that the number of subscribers to 
the system had increased from 3,750 on the ist of January, 
1895, to 7,560 on the rst of January, 1900, all the wires being 
Overhead, In practice items of news are spoken into the 
main transmitting telephones at the central station every 
quarter of an hour, and such items are repeated until a 
fresh batch is started. So far it is an electrical substitute 
lor an evening paper combined with a theatrophone in- 
stallation. 


| came across a novelty in telephone administration. In 
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the capital of Mexico they have absolutely free trade іп 
telephone exchanges, which may be erected by any body or 
company with the sole proviso that there must be inter- 
communication between the systems. There are eight 
separate companies at work, with an agyregate of 4,000 
subscribers, the average rate of payment being 123 francs 
per subscriber per month. 

At the meeting of the Electrical Congress various papers 
were read which have been or will be published. A com- 
mittee was likewise formed to consider the question of units, 
and some radical proposals were brought forward, which 
would have involved an entire change in the existing methods 
of electrical measurement. The whole subject was very 
keenly debated, and anything in the nature of a radical 
alteration was outvoted. The committee restricted itself to 
giving definite names to two of the existing units, which up 
to the present had been known as the “C.G.S. unit. of 
magnetic field,” and the “C.G.S. unit of magnetic flux." 
These propositions were then submitted to а meeting of the 
Official Delegates, and were practically carried unanimously. 
A further proposition was submitted to the delegates to the 
effect that electrical energy was property, and that its theft 
should be punishable by law. This was also carried. In 
Great Britain existing Acts of Parliament define electrical 
energy and provide against its theft, but in certain countries 
it has been argued that electricity cannot be weighed, and 
that no punishment can be inflicted for stealing it, hence the 
above resolution. 

In the foregoing curtailed review it 1s of course impossible 
even to refer to many of the excellent exhibits of working 
apparatus, line stores, cables, both submarine and sub- 
terranean, and other modern and up-to-date telegraphic and 
telephonic materials and appliances that were to be seen at 
the Exhibition. И Г have had occasion to omit even а 
casual reference to many beautiful and elaborate exhibits, 
this is not due to want of appreciation, but to the fact that 
to do justice to all would involve a complete treatise on 
telegraphs and telephones. It 1s hoped that the few remarks 
I have made on the most striking developments will be 
of sufficient interest to have justihed the presentation of 
this paper. 
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ADDENDUM. 


The author in the course of his paper sketched on the 
blackboard the figure given on p. 01, and added the follow- 
ing explanation with regard to the possibility of applying 
the Poulsen microphone to the development of a telephonic 
repeater :— 

As illustrating a method which it is thought might be 
developed into a satisfactory telephone repeater, the follow- 
ing was suggested as а groundwork to be built upon. 
Assuming, as illustrated in the figure, that there are six or 
more endless steel bands, А,В,С, D, &c., revolving at an 
absolutely uniform rate around Suitible pulley wheels, and 
that, approaching closely to the band A are the poles of an 
electromagnet 1 connected to a telephone T ; that a little 
further on an electromagnet 2 15 mounted in a similar 
manner, but connected to a corresponding magnet on 
band B, and beyond this ап electromagnet 3 establishes а 
relation between bands A and C, and so on, next that 
bands В, С, D, E, Е are fitted with a number of electro- 
magnets, 8, joined up in series and connected to the line 
over which it is desired to transmit, апа finally а series of 
electromagnets through which a permanent current circu- 
lates are fixed at point 9. 

Then, on starting the apparatus, and speaking into the 
telephone T, band A is energised by the series of transverse 
magnetic polarities due to the variable currents in the 
electromagnet. As the band in its revolution passes under 
magnet 2 it generates currents which are transmitted to its 
corresponding electromagnet on band B, there to repeat 
the magnetic effect. The same action takes place between 
electromagnet 3 and band C, and so on until the whole of 
the independent bands are each impressed with the same 
magnetic alphabet. On completing half of the revolution 
the bands B, C, D, Е, Е pass under and energise the series 
of electromagnets which are joined up in such a manner as 
to combine the electromotive forces due to each separate 
band, and lastly the series of electromagnets 9 wipes out the 
whole record, and leaves the bands free to be acted on ny 
fresh impressions, 
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Sir WILLIAM PREECE: It does mv heart good to see such a 
crowded assembly to listen to an address which has telegraphy princi- 
pally for its text. And looking round this room, I cannot help going 
back to the early stages of the history of this Institution, when sensation 
after sensation was brought before us, and the room itself was filled to 
overflowing, and applause as ringing and as cheerful as that which vou 
gave Mr. Gavey at tlie cessation of his paper was the order of the day. 
1 wonder if young members of this Institution ever take the trouble to 
read the early volumes of the Proceedings. They will find there a good 
deal that is interesting ; they will find there a good deal to learn, and a 
great many facts which would save them from many troubles. It is not 
the first time that we have heard a paper in this room describing the 
exhibits as shown at different Exhibitions. I have had the gratification 
myself on more than onc occasion of bringing before the Institution 
things shown in Paris, in Chicago, in Philadelphia, in Münich, and in 
Vienna, and I hope and trust that the practice originated in the very 
early days of the Institution will be continued, and that we shall take 


every possible opportunity to find out what progress 15 betng made іп. 


other countries, and to show that we are not behind. И we do not look 
out, however, we shall get behind. 

It is a remarkable fact that, in ncarly all branches of progress the 
growth of business varies almost exactly with the growth of the capacity 
for carrying that business. Mr. Gavey has brought before us several 
novelties shown in Paris—Rowland's Multiplex, Mercadier's Multiplex, 
Virag and Pollak's system, and other improvements ; but this axiom, or 
maxim if you like to call it so, that the growth of business varies with 
the capacity for conducting that business, is not confined to telegraphy : 
it is true of telephony, it is true of electric traction and electric railways ; 
it is true for every branch ot the applications of electrical industries. 
We never have had it more strikingly shown than in the fact that in 
England and in America, and wherever telegraphy has progressed, 
while the rate of increase of length of wire grows in a straight line, or 
in arithmetical ratio, the rate at which the business increases is а rapid 
ascendant curve ; and it shows that, while we are able to compete with 
that business and perform the work as fast as ever it was done before, 
and sometimes faster, the invention of the electrical engineer is exceed- 
ing the rate of the growth of the erection of the wires, so that, at the 
present day, a circuit will carry quite ten times as much as it carried 
when this Institution first commenced its meetings in this room. That 
is a great fact, and Mr. Gavey has well brought it before us. He has 
told us a great deal about telephones. Well, that is a large subject. 
The telephone was first shown in this country, I believe, in. Plymouth, 
and next in this room, and a crowded meeting assembled here to see 
this wonderful instrument for the first time. Twenty-three years have 
elapsed since that period, and where are we now? Is the telephone 
industry in this country in a flourishing or in a proper position? We 
see a kind of triangular duel going on. We have on the one hand a 
company striving hard, doing its best to maintain a very difficult 
position ; we have municipalities springing up trying to emulate their 
would-be competitor ; and we have in the background a small depart- 
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Mo ment called the Post Office Department, that does its very utmost to 
| meet the wants of Фе public, and has this great advantage over every 
other one of its competitors, that its back is broad enough to bear the 
greatest possible abuse which can be brought against it. I envy the 
position of Mexico. There, Mr. Gavey savs, evervbody may start his 
own exchange, and be placed in communication where he likes and 
with whom he pleases, on condition that they are to have free inter- 
communication. But how are they to have free inter-communication ? 
for every inventor has his own switch, his own transmitter, and his own 
instrument? Тһе dithculty is bad enough as it is, with three com- 
petitors. Mr. Gavey, I think, said there were six in Mexico, and 
probably that will grow in the same compound ratio. And when 
those who have been to Mexico next go there, perhaps the six may 
become sixty times six, and then where are you? If there is a business 
in this world that should be manipulated and managed by one adminis- 
tration, and by one concern, that should be conducted exactly on one 
principle, it is the business of telephony, I did hope that I should see 
a day when every house in this country should have its tclephone, and 
that there would be a practical and easy mode of placing every house 
in communication with every other house in the whole of the United 
Kingdom. That is thrown to the winds with a great many other wild 
illusions and wild imaginations. It may come in the distant future, 
but Гат afraid that, with grey hairs coming so rapidly, I shall never 
see my ideal telephone system carried out. 

Mr. Gavey told us something about the exhibits of wireless tele- 
graphy. W' are getting tired of wireless telegraphy. Тһе papers are 
still continuing to take it up wildly, and to advertise strange experi- 

‘ments in different places, but we want to see practical wireless 
telegraphy—and where do you find it? Is there at the present moment 
anywhere a single circuit worked commercially on a practical system 
of wireless telegraphy ? И there is, let somebody come and read а 
paper before this Institution. Тһе only place is the Post Office. Тһе 
most beautiful thing, the greatest novelty that Mr. Gavey has brought 
before us, is this Microphonograph of Mr. Poulsen’s. Apparently 
there is very great difficulty in showing it in operation. I could not 
sce it in Paris ; I tried very hard, but I could not see it there ; it had 
been sent to Berlin. But it is coming, and it is a very marvellous 
thing. Itis not only in itsclf, as the description has shown us, beauti- 
fully designed, based on beautiful principles, but it is one of those 
things that is going to open the eyes of all our physicists, scientists. 
and theoretical men, on the question ot the molecular character of 
magnetic and electric operations. There is nothing, to my mind, so 
marvellous as. the continual exchange through electrical actions and 
magnetical actions, through steel, and through circuits of these curious 
changes of position, form, motion and shape that we sometimes call 
electrical and sometimes magnetical, but are all brought out in this 
beautiful instrument of Mr. Poulsen’s. 

Lastlv, Mr. Gavey referred to the work done by the Congress. He 
mentioned the fact that the Congress had decided upon introducing or 
recommending the adoption of two units, (1) the ** C.G.S. unit of Mag-. 
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netic Field," and the other “C.G.S. Unit of Magnetic Flux." But he 
did not mention that the name accorded by the Congress to the unit 
field was the name of Gauss, and that that accorded to the unit flux 
was that of Maxwell. I have serious doubts whether the name Maxwell 
will come into practical use. Probably the abbreviation into the word 
" Max" may come into use, but I have little doubt that those who lead 
and who are our writers may probably take up the unit of field and call 
it the Gauss, and that that will rapidly come into general use. Gentlemen, 
I am proud to see my successor in the technical chair at the Post Othce 
bring a subject before you with the clearness that Mr. Gavey has 
to-night, and I hope and trust it is only one of an annual display on 
his part of the progress made in a branch of electrical industry that is 
thought of too little; and I am sure that the old telegraphic faces that 
I sce here to-night will be tempted perhaps to come again and see for 
themselves, or hear for themselves, that other branches of electricity 
are as interesting to them as telegraphy and telephonv. 

The PRESIDENT : Of all our visitors from America, I believe Mr, 
Hammer alone remains. We should be very pleased to hear апу ге- 
marks from him. 

Mr. W. J. HAMMER: I have had the pleasure, since I visited the 
Electrical Congress at Paris, of taking a trip around the Continent, 
and I have seen a great many very interesting things, both electrical 
and mechanical. But I am, scarcely prepared to stand before an 
audience of this character and speak without some preparation or 
in а superficial way of many of the things which I have seen. One of 
them has been referred to herc to-night, but I think it has been given 
à wrong title. The Telephonograph, I believe, is the correct title of the 
instrument. I have recently been in touch with some of the people 
who are identified with that instrument, and they have expressed them- 
selves strongly as desiring to have that name used. I saw in Berlin 
some very interesting modifications of that instrument, and some very 
interesting experiments, but I hesitate about speaking on them because 
they were shown to me under rather peculiar circumstances, and in 
view of certain patents I do not think it would be well to refer to them 
here: but I can heartily endorse what Sir William Preece and Mr. 
Gavey have said about the remarkable interest which this instrument 
has aroused at the Paris Exhibition, and of its beautiful simplicity and 
perfection. I have had considerable experience in connection with 
phonographs, and working with them, and have tried most of the 
ditferent modifications of phonographs that have been made, and I 
certainly never have heard anything in the way of a speaking 
machine that will touch the telephonograph. With every instrument 
in which the sound-waves are recorded by something in the way of a 
stylus, there is bound to be a noise which cannot be eliminated, but 
where these lines of force are stored up in the wire in the silent 
manner in which they are, the most perfect reproduction is produced. 
In Paris and also in Berlin I made some experiments in using words, 
the recording and reproduction of which is very difficult in a phono- 
graph, also in breathing and whispering and that kind of thing, but 
all of these are perfectly reproduced by the telephonograph. So that 
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І feel very certain іп mv own mind that it is superior to anything 
that has ever been made in the way of a talking machine. 

I had the pleasure of seeing a little of the Nernst lamp whilst I was 
in Paris, and in following it up somewhat on the Continent, but that 15 
a subject that does not really come within the province of the discus- 
sion of this admirable paper that Mr. Gavey has brought before you; 
in fact, quite a number of the subjects that I have looked into and 
studied during my sojourn in Europe, have no direct bearing on the 
paper, so I hesitate to mention them. But there is one thing which 
Mr. Gavey brought before you that I had the pleasure of secing in Buda 
Pesth, and that is the Virag and Pollak system of telegraphy. Г have 
some samples of the writing, and I have seen the apparatus іп opera- 
tion. It is certainly in its present form a most interesting and promising 
invention, and seems to work in a most satisfactory manner. 

Mr. М. Е. Roperts: Mr. Саусу has told us of the difficulty he has 
had in explaining the operation of one of the instruments owing to the 
request that was made to him not to reproduce the diagrams. А 
similar wish on the part of many of the exhibitors was one of the great 
difficulties I met with in studying the different exhibits in the class of 
Telegraphs and Telephones in the Paris Exhibition. I found that, with 
one or two notable exceptions, assistants were in charge of the exhibits 
who either had not the necessary knowledge to explain them, or who 
were definitely instructed not to do so. The difficulty was added to by 
the want of a suitable catalogue. I have been told by different gentle- 
men who sent workmen specially over to the Exhibition, that the visits 
in many cases were of little use, simply because the representatives 
they sent could not obtain the information they wished them to get. 
In the case of telephones and telegraphs, I think we may say generally 
that, with one or two exceptions, perhaps, which Mr. Gavey has 
pointedly brought before us, the improvements are to be found in 
points of detail. I should have been particularly interested if Mr. 
Gavey had extended his remarks with reference to the progress made 
between different Exhibitions by briefly, referring to what had been the 
most marked improvements since the Exhibition of 1878. То my mind 
it appeared that, in the case of telegraphs, the improvements very 
largely consisted of higher finish in the apparatus exhibited, whereas 
in telephony the improvements appeared to be chiefly in the simpli- 
fication of parts and the design of parts which can be readily 
produced at cheap rates. Of course we can understand the de- 
velopment .in the case of telephony taking this line, because there is 
such an enormous multiplication and reproduction of the same part, 
whereas in telegraphy the problem that has to be dealt with varies con- 
siderably in almost every case. Not only, too, does it vary in the case 
of a given line but it may perhaps vary markedly at different times of the 
day. The successful design of parts for telephone-working appears (0 
be largely due to the specialising of certain forms. For example, in the 
case of onc of the exhibitors to whom Mr. Gavey has referred, I found 
that the fwm had one gentleman present who had made a special study 
of switch-boards, another who had made a special study of telephone 
instruments, and a third who told me his department was to give in- 
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formation respecting dynamos. We can easily understand, when а 
powerful firm has representatives and employés who devote their 
attention almost exclusively to one part, that we get these improvements 
which Mr. Gavey called attention to in the case of the central battery 
svstem of working, and it is this specialising in America which has 
resulted in the very great progress which was noticeable in the 
American exhibits in the Paris Exhibition. Mr. Gavcy has also called 
our attention to the Rowland's telegraph apparatus. If we go back to 
former Paris Exhibitions, in every case I think we have had type- 
writing instruments, but it is an astonishing fact that type-writing 
machines have made such little headway in this country. Nothing 
i» more to be desired than a type-written message, but усё at the 
present time such a message is practically unknown in this country. 1 
do hope that the very successful exhibit of the Rowland's Company will 
have the effect of popularising the use of the type-writing telegraph here. 

Mr. А. W. HEAVISIDE [communicaled] : Whilst thanking Mr. Gavey 
for his brief review in popular language of the Exhibits, Class 26, of the 
Paris Exhibition of 1900, one is tempted to ask for more, the motive 
being that subjects so deeply interesting as electrical application in any 
form, need much detail to be of practical utility. 

So far as I know, though much experience has been gained in the use 
of the Delaney multiplex system, the valuable electrical data relating 
thereto has not been published to the world. For instance, how useful 
it would be, if the profession were fully acquainted with actual time-lag 
under practical conditions with given conductors, both copper and iron, 
with an impressed force of a given value, the effect of leakage at the 
insulators, the practical difficulties experienced in a variable climate like 
ours, with rapid alterations of heat and humidity, frost, snow, and slcet 
and rain in twenty-four hours. 

Similarly, in Rowland's multiplex, one is tempted to ask, does abrupt 
omission of two half waves produce any deleterious re-action from the 
electro-static discharge. The operator's control of the position of the 
receiving roll by means of a transverse mark appears to be weak. This 
roll, if feasible, should be automatically controlled. The advantage that 
the messages are delivered from the receiving instrument in a condition 
to be sentout for delivery, is no mean onc, if it really saves a corre- 
sponding number of receiving operators. 

Mercadier's system of super-imposed vibrations at the sending end, 
and selective apparatus at the receiving end, is most suggestive. И 
twenty-four super-imposed vibrations can be sent simultaneously, and 
each receiving apparatus can be tuned to respond only to that which 
belongs to it, then why not have a main pair of conductors of consider- 
able cross-section with twenty-four loops of variablelength to twenty-four 
different stations ?—what a saving of wire and unburdening of the tele- 
graph lines, which groan under their ever increasing load, this would lead 
to. Of course, metallic loops must be used, and this speculation revives 
a 19-year-old suggestion of mine for working the Wheatstone automatic 
and is probably worth trial, as anything that has for its object a reduc- 
tion in the number of wires and stability of signalling is worthy of 
much thought. 
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The tendency of the age is to work all electrical currents in metallic 
loops, which surely will become increasingly necessary as electric light 
and power applications are developed. Our mother earth is impartial, 
she treats all her children alike, her ample bosom receives them all, thev 
lose individuality, which is the very essence of the telephone and will 
become a necessity with most other apparatus—though all the work of 
transmission and signalling is done in the environment, аЙег all, the 
guides, in our present state of knowledge, in spite of Marconi's practical 
application of the labours of Righi, Branly, Lodge, and others, cannot 
be dispensed with, Virag апа Pollak's photo-autographic telegraph 
apparatus is marvellously clever, but apparently wanting т simplicity 
at present. That it may become commercially applicable every one 
desires, and to throw cold water upon it would be as bad as calling the 
telephone a philosophical toy ! 

But, may I venture to suggest in this, апа in all other systems 
described by Mr. Gavey, how useful it would be at least to append to 
his paper a theoretical diagram illustrating the principle of each case. 
It must be remembered that there are many students of the Institution, 
and life is too short for every individual member to look up all the 
authorities. It is a case of “Science Abstracts" over again. One at 
least wants to know the text, and one can draw the moral in solitary 
railway journeys and other fugitive snatches of time for thought that 
offer in these busy executive days. 

Central battery telephone switches are on their trial, and if the exten- 
sions trom the simple subscriber's circuit from his telephone to the 
central exchange can be adapted to the many diverse necds the tele- 
phone has to meet, it will probably have come to stay. Itis hoped that 
the new decade will see such a development of the telephone in Great 
Britain and Ireland as shall remove the reproach that we now suffer from 
of being behindhand as compared with other countries. One feature 
of the central battery system, if I rightly understand it, is that it secures 
privacy of communication between the users, a feature that has distin- 
guished the Newcastle-upon-Tyne exchange for many years and com- 
mends itself to all. 

Then as to carbons for microphones, much is still wanting in micro- 
phones ; how to get loud speaking without jarring, has been a problem 
since the days of Hughes, and it still remains a problem. Ап ideal 
microphone should respond in indentically the same manner from day 
to day to every vibration with great delicacy, and invariably recover 
itsel£ without lag or jar. Take a curl of horsehair as used in domestic 
furniture. In general, it yields and recovers from any impressed force 
with precision, its clasticity being so great and its fatigue so small ; arid 
if carbon filaments could only be manufactured with similar qualities 
and arranged in companionship like the horsehair composed of manv 
filaments, an ideal microphone might result. I have experimented with 
carbon filaments and have found the most beautiful speech result, but 
their brittleness brought with it a short life. Perhaps makers of incan- 
descent lamp carbons could solve the problem. Would that we knew 
of all the failures and could thus avoid much trodden ground ! 

Of Poulsen's microphonograph one can only admire and wonder, 
what next 2 
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Мг. DANE SINCLAIR: I do not know that there is much to be said 
on Mr. Gavey's excellent апа clear paper. He has described to us 
what he saw at the Exhibition. The improvements in telegraphy, when 
summed up together, are іп themselves as beautiful as they аге mar- 
vellous. The improvements in other directions, and especially т 
telephonv, he has referred {о graphically, and, I think, accurately. 
I am not sure whether he may not be too enthusiastic on the common 
battery or central energy system ; it is just possible, but time will show. 
When Mr. Gavey spoke of the latest invention in telephony connected 
with tlie phonograph he called it the microphonograph, but another 
gentleman who has spoken prefers to call it the telephonograph. I 
think the latter is perhaps the more accurate description, but in justice 
to Mr. Gavey I may say that when I was at the Exhibition the name 
which he has given to it was the name by which it was generally 
known. In connection with this I am glad to say that for once in my 
hfe I have been ahead of my good friend, Sir William Preece. When 
I was at the Exhibition I had this thing placed before me and set to 
work under all the conditions that I could possibly wish for. To me it 
scemed marvellously pretty and wonderful. There is по doubt, as Mr. 
Gavey and another speaker have already said, that it gives us a distinct 
record of speech, so distinct that it cannot be compared with any record 
we have had hitherto. А long steel wire is wound helically on a drum, 
the. revolution of the drum causing the wire to pass in front of and 
against the attenuated poles of a receiver magnet. Ву this means the 
variations of magnetism caused by the currents from a transmitter in 
the circuit are magnetically recorded on the steel wire, so that when 
the latter is again driven past the recciver poles the original speech is 
reproduced in an ordinary telephone receiver absolutely pure and 
without any of the grating sounds that come from the phonograph. 
If this invention does give, as Mr. Gavey hints it may, a telephonic 
relay, then it passes at once out of thc range of purcly scientific 
interest into that of commercial value. Under Sir William Preece's 
directions very heavy copper wires have been erected from one end of 
this island to the other. If we can have а telephonic relay, these heavy 
copper wires of 800 Ibs. to the mile become no longer a necessity. 
They are good in themselves, but if science can teach us how to make 
a telephonic relay possible, large copper conductors will become things 
of the past. Of course the advantage to users will be that as the price 
of the conductors goes down, they will in time get the benefit of that 
reduction. I was very much impressed by this invention, and believe 
with Mr. Gavey that there are large possibilities in its future, and I was 
rather disappointed to sec that it was not spoken of by the electrical 
press in London in a way that I think it deserved. 

Mr. J. E. KiNGsBURY : With regard to that instrument, which does 
not seem yet to have been effectively christened, Г confess when I saw 
it I thought that whilst we gave credit to Professor Bell for a very bold 
idea in expecting to put on to an electrical wire electrical undulations 
representing sound-waves, I thought that to go just this step further 
and magnetically record those undulations on a wire was an idea hardly 
less bold. As a scientific instrument, as Мг. Gavey says, it is of the 


Mr. Dane 
Sinclair. 


Mr. 
King-bury 


Мг. 
Kingsbury. 


100 GAVEY: TELEGRAPHS AND TELEPHONES. [Nov. 22nd, 


greatest. interest. Of the exhibits at Paris we are bound to give it 
the first place, and to regard it as a grand application of a very clever 
idea. Тһе practical uses which may lie in store for the instrument 
it is, of course, a little too soon for us to remark upon. I would like 
to say one word in reference to Mr. Gavey's observations on the appli- 
cation which the Post Office have made of automatic signalling. Тһе 
Post Office introduced in the first instance a telephone system which 
enabled a signal to be sent automatically, requiring no exertion on the 
part of the subscriber, sending a signal by the natural operation of 
taking the telephone ой the hook. The Post Office adhered to that 
system absolutelv, much to the surprise of some people who thought, 
perhaps, it had not all the good features that it should have. It had, 
at least, that important feature of automatic. signalling, to which atten- 
tion is necessarily drawn now, and which forms one of the features of 
the central battery system referred to by Mr. Gavey. That system is 
not only an application of one important feature such as automatic 
signalling, but such features as the centralisation of the battery and the 
energy required to work the system. Nor is it a system which has 
been developed іп а dav. Twenty years ago а patent for the centralisa- 
tion of transmitter batteries was taken out by Mr. Scribner, to whom, 
perhaps, the largest credit is due for the later developments. Mr. 
Heaviside, іп his communication, thinks that the system may live 
when it is adapted to all the circumstances of the telephone service. 
I think it may be said that there are no conditions of the telephone 
service known to practical telephonists which the central battery 
svstem, described and shown at the Paris Exhibition, does not meet. 
Mr. Sinclair is of opinion that Mr. Gavey is a little too sanguine. I 
think Mr. Sinclair ought to have expressed tliose views a little more 
stronglv, and given. some reasons for фет. My impression is that, as 
a member of the Jury of the Paris Exhibition and іп some other 
capacities, Mr. Gavey has made a sufficiently thorough study of that 
system to express an opinion. It may be that Mr. Sinclair will agree 
later on, when time has still more shown the satisfactory working of 
the system. 

One point with regard to the telephonic repeater. I would remind 
Mr. Gavey that, whilst, perhaps, the question may have been raised 
more specifically twelve vears ago, still it is of earlier origin, for Gilli- 
land took out a patent for a telephonic repeater in 1870. About that 
time there was, so to speak, an epidemic of telephone repeaters, 
although there was no million-dollar-reward for them. It is a curious 
thing that when there is no large reward offered there seems to be a 
prolific supplv, and now there is a large reward I do not know of anv- 
thing in the nature of a practical repeater put forward. The first 
telephonic repeater does, to my mind, seem to have the germ of a 
working instrument, even more so than the beautiful instrument we 
have had described here. Тһе idea was to have а telephonic 
diaphragm as a receiving instrument, and make it a combination 
instrument, attaching it to a microphone transmitter. Although the 
original instrument has been before the public for twenty years, it has 
not been developed to any practical stage. 
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Professor SILVANUS THOMPSON : Three points in Mr. Gavey's most 
interesting paper seem worthy of additional remark. Тһе new 
magnetic units with which the Paris Congress has endowed us аге 
certainly а great boon in, at any rate, speaking about magnetic 
quantities. We are able now to say definitely that when the earth's 
magnetic field is to be described as having a strength of 0°18, it is not 
ou hung up in the air with nothing to it; it is 018 gauss. We have 
all sorts of magnetic fields which can be easily described as to their 
intensity, up to the strong magnetic ficld in the air-gap between the 
poles and the armature of a dynamo, which may run up to be as strong 
as 6 000 or 7,000 gausscs. It is a great gain to have а word to tack оп 
to the idea. I am not quite so sure that the other name, maxwell, is 
destined to receive the same immediate use as the word gauss, because 
it is merely a synonym for that for which we had a shorter name 
before, viz., a magnetic /ine, and it is just as easy to talk about опе 
million lines as one million maxwells ; indced, it is rather shorter to 
sav а “megaline” than a “mega-maxwell.” I wish they had given the 
name maxwell to the product 10? magnetic lines, so that we could have 
had the one maxwell as the name for that amount of magnetic flux 
which if *cut" in one second would produce an induction of one 
volt. 

I had an opportunity of inspecting the method of wireless telegraphy 
devised by Professors Slaby and Count Arco, not only in the Paris 
Exhibition, but also, previously, in. Berlin, and to witness its working 
from Berlin to Oberschonweide—I do not know how many miles ; some 
seven or eight miles, at any rate. I do not think that the diagram in 
the paper, however excellent it may be, would quite convey to anybody 
who had not seen Arco's arrangement exactly what it was. Тһе 
vertical cylinder in Fig. 6 represents the wire cage—if you can call it 
a cage—made of either six or eight wires, I forget which, quite 
ordinary thin wires about 100 or 150 feet long, joined to a ring about 
six fect across at the top and another ring six feet across at the bottom, 
and slung from a tall chimney, or something of that kind. It is very 
remarkable indeed that you should be able to send wireless messages 
from one of these cages to the other when the tops of the cages as well 
as their bottoms аге earthed. ‘The one thing on which emphasis has 
hitherto bcen laid in wircless telegraphy, so-called, was that you should 
have an clevated and insulated conductor. Well, this conductor шау 
be clevated, but it is certainly not insulated, and nevertheless signals 
are transmitted with absolute certainty. 

Lastly, I also would like to bear testimony to the extraordinary 
perfection of articulation, of that recording and speaking phonograph 
and telephone which I had the opportunity of sceing in Ра. It was 
not then called either the microphonograph, the microtelephone, or 
even the telephonograph ; it was called the delegraphon. 

Mr. J. GavEv [tn reply]: My reply on the discussion need not be 
lengthy. Mr. Roberts referred {о the desirability of pointing out 
more definitely the improvements which have taken place in telegraphy 
and telephony between the year 1878 апа the present date. Now, in 
preparing this paper, I inclined to make it suggestive rather than to 
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state too definitely what I thought the improvements were. But in 
answer to the remark I should like to say this, that although between 
the vear 1878 and the present time improvements іп telegraphy. 
except in details, have not been marked, I certainly think that com- 
bining what we have seen at the Paris Exhibition with other inventions 
which did not appear amongst the exhibits, but which are coming to 
the front, we тау expect verv marked improvements in our methods 
of telegraphy in the immediate future. What I mean is this. At the 
present time we have in England and America our good old servant 
the Morse svstem, which has rendered invaluable service throughout 
the whole of the world, but which I cannot help thinking is not 
quite up to our modern requirements. I am looking forward to ап 
improvement in the direction of transmitting messages by a simple 
method, such as а tvpe-writing kev, which will either transmit direct, 
as in the Rowland’s, or which will perforate slips, as in methods de- 
signed Бу а couple of other inventors, slips that will be passed through 
an automatic transmitter аба high speed, and that will admit either of 
the typing or of the writing out in cursive characters the messages 
at the far end without the necessity for transcribing, and without, let me 
бау, the somewhat messy operation of sticking down Hughes’ slips оп а 
sheet of paper. In making that remark, I wish it to be understood that 
I do not in the slightest degree wish to undervalue the lovely instru- 
ment that was designed by Professor Hughes, and that has been so 
extensively used on the Continent ; but I think every one will admit that 
an instrument which will either print or write, I do not care which, on 
a column of paper a message in such a form that it can be immediately 
sent out to the recipient, is far and away in advance of anything we have 
yet had. I venture to prophesy that we are within a measurable distance 
of introducing and using instruments of this type. With reference to 
telephones, Mr. Roberts’ remark is a trite and a true one ; that is to say, 
the improvements have been mostly in detail. And, after all, there is 
no other improvement possible. For a telephone you must have an 
instrument that you can speak into and hear by. You want a line, and 
you want switching apparatus which will meet the conditions of switch- 
ing one subscriber through to another readily. Given these, which аге 
absolutely necessary, all other improvements must be improvements in 
detail, and I venture to think that the improvements in detail which have 
been made in telephony within the last four or five years have amounted 
almost to arevolution. With reference to another criticism that a more 
extended description might be given in the present paper, as I said 
before, the paper is rather suggestive than descriptive. 

Professor Thompson has referred to the cylinder in Fig. 6. Iam not 
responsible for the engraver, but that was copied almost exactly from a 
pamphlet that was given to me by the exhibitors at the Paris Exhibition, 
and it was supposed to describe accurately Slaby's and Г”Агсо5 system. 
In conclusion I wish to return thanks both on behalf of the Institution 
and mvself, to the proprietors and editors of The Electrician апа The 
Electrical Review for the loan of all the blocks that are used in illus- 
trating this paper and addenduin. 

The PRESIDENT : Gentlemen, this is the first meeting of the session. 


1900.) STELJES TYPE-WRITING TELEGRAPH. 103 


We have had a most excellent paper, and it has led to а very fine 
discussion. I propose a vote of thanks to Mr. Саусу for his paper. 
Тіс vote of thanks was carried bv acclamation. 


The PRESIDENT: I will now call upon Mr. Goolden to describe and 
to demonstrate the use of the Stelje's Tvpe- writing Telegraph. 


THE STELJES TYPE-WRITING TELEGRAPH. 


Mr. W. T. GOOLDEN : The instrument which I have the honour to bring 
before the notice of this meeting, although it will not have the scientific 
interest and importance of those which have been described by Mr. 
Gavev in his paper, will, I think, have some interest for the members. 
It is the outcome of a very considerable number of years’ work. Ever 
since the first introduction of the Wheatstone A B С telegraph, a large 
number of people have tried to produce a printed record of messages 
sent. This instrument, which has been invented during the last few 
vears, has achieved that object, and at both ends of the wire a record 
of the messages sent is obtained, preventing mistakes which are some- 
times made by the original A B С indicator, and also by the telephone, 
and preventing any dispute as to the actual message which has been 
sent. The principle underlying the success of this instrument is, I 
think, the inversion of the method usually adopted. Instead of the 
current which is sent along thc line doing the work of printing, the 
current merely controls. The mechanism of the work is done by 
weights or springs. There are two trains of wheels, one actuating ап 
escapement which brings the type-whcel into position, and the other 
train of whecls which does the actual printing by means of a lever. 
The printing lever is held up in rather an unusual way by the alternate 
currents against an electro-magnet, and when the current is stopped 
the lever allows the printing to take place by means of the weights 
or springs. А point of interest that I should also like to bring before 
you, in connection with this, is that this is particularly applicable 
to telephone lines. We have had a successful trial of this instrument, 
printing between London and Manchester on a loop line, and we have 
also found that we can use the instrument while the telephone is 
actually working without any detriment at all to the neighbouring 
wires and without any noise on the telephone. Those points you 
will be able to see for yourselves outside. There is an instrument 
downstairs in the hall and another one at the top of the stairs to 
which telephones are attached, and you will see that by means of 
choke-coils which are placed in the circuit, the two instruments, the 
telephone and the printing telegraph, can be worked simultancously 
without any detriment the one to the other. There is another instru- 
ment also outside, the invention of Mr. Higgins, which I do not vet 
know very much about, so I cannot describe it in great detail, but it 
appears to work extremely well. You will see it for yourselves. 

The PRESIDENT: I will ask you to pass a vote of thanks to Mr. 
Goolden for this description and also for the demonstration he is about 
to give downstairs. 

The vote was carried by acclamation. 
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GLASGOW LOCAL SECTION. 


Paper read at Meeting of Section, November ТИП, 1900. 


ELECTRICITY SUPPLY. 
By W. A. CHAMEN, Member. 


This subject has been dealt with so often and by such 
able hands that the author feels some diffidence in ventur- 
ing to write а paper upon it. The brief remarks which are 
now offered, however, will bear only upon two points in 
connection with the subject, and will naturally take some 


colour from the particular aspect of the question as applicd 


SYSTEM AND PRESSURE OF SUPPLY. 


The fact that several undertakings which have com- 
menced with an alternating single-phase  high-tension 
supply have recently been actively engaged іп changing 
their central or nearer areas to Jow-tension continuous 
current, supplied direct from dynamos fixed in the genera- 
ting Station without transformation of any kind, must surely 
e taken as a clear indication that low-tension continuous 
“rent is found to be more suitable and more economical 
for all Purposes, where the distance is not so great as to 
make it too costly in copper. This change has, of course, 
been brought about by the alteration in the Board of Trade 

egulation; allowing the use of a pressure in consumers’ 
premises not exceeding 250 volts, and consequently of a 
three-wire system with a pressure not exceeding 500 volts 
across the outers. 
Mr. Addenbroke, in a very able paper read before this 
Institution in London a few years ago, foretold this result, 
and showed that with a favourably selected position of 
s*nerating station an area measuring five miles іп diameter 
Could be economically dealt with by means of low-tension 
continuous current under these altered conditions. Experi- 
ence has proved this to be so, and in Glasgow the supply is 
Present carried on over a radius of two and a half miles 
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each way from the New Station at Port Dundas. It does 
not follow, of course, that it will always be economical to 
work in this way, as the load may grow to such an extent as 
to warrant putting down other generating stations at the 
more distant points rather than transmitting many thousands 
of horse-power through cables from a generating station 
already fully taxed bv à demand of some 20,000 to 30,000 
horse-power within a radius of much less than two and a 
half miles around it. 

On the other hand, there may be cases where small 
amounts of current require to be transmitted to exceptional 
distances, and in such cases small auxiliary high-tension 
plants, either. continuous or alternating, would seem quite 
justifiable, The fact, however, that these may be necessary 
is no reason whatever why the whole generating plant 
should be made high-tension and current transformed 
down even in central areas close around the generating 
station. 

The obvious common-sense principle on which to 
proceed is surely to use simple low-tension direct supply 
at as high a pressure as possible, and when this fails to 
meet the case, to supplement with high-tension transmission 
for the remainder. 

A well-known consulting engineer, in a discussion on 
this subject some three or four years ago, went so far as to 
admit that this was the right line to go upon, but said that 
he found the public wanted an alternating-current supply 
and not a continuous one, and in consequence recommended 
that low-tension alternators be used for direct supply to the 
home areas and that step-up transformers be used in connec- 
tion with this same supply for reaching the outlying districts, 
thus avoiding the necessity for any kind of separate genera- 
ting plant for this purpose. 

The idea was ingenious, but the author is not aware that 
any use has been made of it, possibly because it has been 
found that the public do not, after all, want alternating 
current. | 

For supplying motors or arc lighting who would prefer 
single-phase alternating current to continuous? Апа for 
incandescent lighting, what is to be gained by using 
alternating current ? 

It may seem to be wasting your time to ask these 
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questions or to put these arguments before you, but no 
less a genius than Mr. Ferranti only recently publicly 
stated his opinion that single-phase alternating current 
would yet come to be the universally accepted system of 
supply. 

There are, of course, those who say that two-phase or 
three-phase alternating current of low periodicity will 
shortly supersede everything else, but in their case the 
public are not found to want alternating current but 
continuous, and this is managed by means of rotary 
converters. Тһе object of this system is said to be to 
. allow the generating station (which for some reason, never 
yet satisfactorily explained, is bound to contain the whole 
generating plant of any one undertaking or more if 
possible) to be situated at а considerable distance from 
the area of supply, where land is cheap and coal readily 
obtainable. 

In a place like London, where the cost of land within 
the lighting area is practically prohibitive, where railway 
accommodation is impossible and the conditions and 
restrictions arising through the interests of surrounding 
proprietors most onerous, there is no doubt some reason 
for adopting such a system; but it is somewhat remark- 
able that in the case of the Glasgow Tramway power 
supply, in which this system is being introduced, there 
was much anxiety to get a site, not as near the coal-pits 
as possible, but as near the centre of the city as might be. 

The site ultimately purchased is about the same distance 
radially from the centre of the city as the Port Dundas 
Electricity Supply Works, and figures were given to show 
both the extra capital which would be involved in going 
further afield and the annual extra cost through loss in 
distribution. 

Again, it is argued that the weak spot in a continuous- 
current system is the commutator of the dynamo, but 
experience has proved that this is an absolutely erroneous 
idea. Nothing could be more satisfactory than the running 
of the brushes and commutators of most of the dynamos 
as now constructed, and, іп fact, two- апа three-phase 
alternating systems rely entirely upon commutators in the 
rotary converters. 

The conclusions to which these considerations seem to 
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point are: (1) That there is no more economical or satts- 
factory method of supply than low-tension continuous 
current, gencrated upon a site or sites, within the area of 
supply if possible, and supplemented by a small amount of 
high-tenston plant if necessary in order to supply remote 
corners of the area which may be beyond the reach of low- 
tension supply. (2) That if it be impossible to find sites 
within the area at any reasonable price and with railway 
accommodation and freedom from onerous restrictions due 
to surrounding proprictors, then a high-tension generating 
station or stations without the area will be the next best 
arrangement, though the cost of supply will be increased to 
some extent. 

And it therefore follows that in order to ensure supply 
at the maximum economy in years to come, sites should be 
retained in suitable positions within, or as close as possible 
to the arca of supply, and with proper railway accommoda- 
tion and freedom from hampering restrictions, even at some 
sacrifice in the interval until they are required. 

As regards the exact pressure of supply to consumers, it 
is obvious that the higher the pressure the more economical 
will be the distribution, and it must also be clear that where 
lighting and tramways are supplied from the same generating 
station it is ап advantage to have the pressure for both 
purposes alike. Тһе pressure allowed by the Board of 
Trade for tramway supply is 500 volts, and the dynamos 
are usually constructed to run from 500 to 550 volts for 
that purpose. These same dynamos will therefore be most 
suitable, if they are to be used alternatively on lighting 
mains, for supply on а soo-volt three-wire system, using 
250-volt lamps in consumers' premises, with balancers or 
equalisers to compensate for out-of-balance middle-wire 
currents. They will allow up to 50 volts drop in feeders at 
times of heavy load. The Board of Trade Regulations for 
lighting place the limit for low-tension supply at 250 volts, 
but although the city of Glasgow has some 1,500 consumers 
with a maximum load of about 3,000 kilowatts already 
supplied at this pressure, and the municipalities of Govan 
and Greenock have also considerable numbers of consumers 
supplied at the same pressure with complete satisfaction, the 
Board of Trade are declining to sanction more than 240 
volts declared pressure in the London district and elsewhere. 
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The argument appears to be that the 250-volt limit is 
one beyond which the pressure must on no account go, 
and that consequently it cannot be a declared pressure with 
the margin of variation allowed in another part of their 
Regulations. 

Whatever may be the actual construction to be put upon 
the words from a legal point of view, surely it is unreasonable 
and inconsistent to take this line. 

The Board of Trade is appointed to look after the in- 
terests of the public, but in what way do the public sutfer 
through being supplied at 250 volts? Тһе thing is done, 
and is an admitted success. 14 has been in operation in 
Glasgow for about eighteen months, and no trouble of any 
kind has arisen in connection with it. There can, therefore, 
be no scientific or practical reason why it should not be 
allowed. 

The proposal to establish 240 volts means yet another 
voltage to worry manufacturers and contractors, and through 
them the public. If the Board of Trade had taken the line 
of establishing a standard voltage for the benefit of everybody 
concerned, there would have been some clear object in it, 
but the result of this decision will be to make at least five 
different standard voltages—viz., 200, 220, 230, 240, and 250 
volts—in use in various places in the kingdom. 

On the other hand, to agree upon 230 volts as the 
maximum declared pressure in consumers' premises would 
have tended to settle all new work down to this standard, 
and would have avoided the addition of another voltage to 
the already too numerous standards in usc. 

At a time like the present, when standardisation is so 
much talked about, electrical engineers will do well to give 
this matter special attention, and if necessary approach the 
Board of Trade in a body with a view to getting 250 volts 
sanctioned. It is hard, however, to see what necessity there 
can really be for taking so much trouble about so small a 
matter, as all that is required is for the Board of Trade to 
agree to that reading of Clause т in the Regulations for 
Securing the Safety of the Public, which shall allow 250 
volts to be a declared pressure, subject to the variation of 
four per cent. from that pressure, as laid down in Clause 7 
of the Regulations for Ensuring a Proper and Sufficient 
Supply of Electrical Energy. 
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Probably the real reason why electrical engineers have 
not taken any decisive action about this matter is that all 
the older undertakings are already committed to some 
other voltage, and will naturally not feel called upon to 
press for 230 volts when they themselves use 220 or 230, 
and would not find it worth while to exchange to 250. 
This, however, із short-sighted policy, and it seems to have 
resulted in the meantime in the standardisation not of апу 
of the existing voltages, but of another one, viz., 240 for all: 
new work. 

In the case of Glasgow, the author of this paper was 
faced with the problem of converting an existing 200-volt 
three-wire system into one of a higher pressure, and the 
question immediately arose as to whether it would be right 
to be contented with a 400-volt system, using 200-volt lamps 
in consumers’ premises, or to adopt any higher voltage. 

While making an alteration, it was clear that if any 
departure were made from the simple multiple of the exist- 
ing state of things, additional complications would arise in 
consumers’ premises. The next consideration was whether 
the advantage to be gained was worth the complication and 
the cost thereof, and it then became necessary, in order to 
ascertain what the advantage would be, to settle upon some 
definite pressure as a basis for calculation. Granting that 
250 volts could be used, it meant the difference between a 
400- and a 500-volt supply, i.e., ап increase of 25 per cent. 
on the voltage. The value of this increase need not be 
enlarged upon in a paper addressed to electrical engineers. 
The advantages to be gained in the way of the saving of 
copper in the mains and ease of regulation of voltage over 
considerable distances seemed so great as to make it м 
worth while to take the step. 

Glasgow always wishes to be in the front line, and it 
certainly would not have been so had it settled down con- 
tentedly to a 400-volt three-wire system at the point when it 
was starting to lay a distribution system, designed rapidly 
to extend over an area of some twenty-eight square miles. 
There is no doubt whatever in the author's mind that this 
alteration to 230 volts was the right step to take, and if the 
Board of Trade do not think so now, there cannot be the 
slightest doubt but that they will come to that opinion 
shortly. It is, however, much to be regretted that in the 
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meantime other new undertakings should be started in 
various places at 240 volts instead of 250. 

There can be no cause for alarm or for the statement 
that it 15 a stretching of the Regulations which will never 
end, for it must be quite clear to any one that 250 volts is 
the absolute limit of declared pressure at customers' terminals 
(apart altogether from motive power supplies which аге 
granted at 500 volts by the special permission of the Board 
of Trade), and no one could possibly go beyond this figure 
without deliberately defying the Regulations. 

The author holds, of course, that the Regulations as they 
now stand are perfectly capable of being read so as to allow 
this 250 volts as a declared pressure, and he doubts very 
much whether any judge, after hearing arguments, would 
not decide that the real meaning of the Rules is that 250 
volts may be used. 

The words of the two clauses upon which the whole 
argument depends are as follows :— 


A.—Pressure of Supply to Consumers. 

(1) * The pressure of a supply delivered to any con- 
sumer shall not exceed 250 volts at any pair of ter- 
minals except with the express approval of the Board 
of Trade." 

B.—Variation of Pressure at Consumers! Terminals. 

“Тһе variation of pressure at any consumer's ter- 
minals shall not under any conditions of the supply, 
which the consumer 15 entitled to receive, exceed 4 per 
cent. from the declared constant pressure." 


For a time a great deal was made of the argument that 
250-volt incandescent lamps could not be made satis- 
factorily. Before deciding upon the matter, therefore, the 
leading lamp manufacturers were consulted, and they all 
stated that there would be no difficulty, and that they would 
be very pleased to take orders for such lamps. For the 
most part they have been as good as their word, .and 
although some makers have not been quite successful as 
yet, they will no doubt shortly be able to fall into line with 
their competitors. Lamps of even five and six candle- 
power have been in use in Glasgow for over fifteen months 
past at 250 volts without failure. 
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The efficiencies of the good lamps now in use are :— 
sand о c.p. 5 watts per candle. 


8 с.р. 4 „ Т 
16 ,, 4 » » 
32 » 33 T | » 
50 ,, 31 » » 


There seems to be but little in the old idea that thin 
filaments could not be made to last. The leading manu- 
facturers seem to have so far conquered their original difh- 
culties in this respect that even 250 volts does not seem to 
be the limit to which they can go. Indeed it seems doubt- 
ful whether in attempting higher pressures the proximity of 
the terminals in the present design of lamp would not cause 
greater trouble than the thinness of the filaments. Up to 
250 volts, however, no trouble has occurred in this respect. 

There is another possibility to be borne in mind in con- 
nection with this matter, and that is the introduction in the 
near future of the Nernst incandescent lamp. The con- 
struction of the filament in this lamp lends itself most 
readily to the use of 250 or even 500 volts. 

The possibilities which lie before us with the Nernst 
incandescent lamp, giving the necessary light with about 
half the amount of energy consumed in the present form of 
lamp, combined with the advantages of the 250-volt supply, 
are great. 

A word may not be out of place on the vexed question 
of interfering with existing arrangements in some соп- 
sumers’ premises, such as two ordinary open-type arc lamps 
in series On 100 volts, special small motors for dentists’ use, 
low-voltage heaters and cauteries and such like com- 
plications, 

One frequently meets the argument that the increase in 
pressure 1$ all for the benefit of the Corporation, and not 
for the benefit of the consumer, This argument 1$ of course 
used by those who think that they will suffer by the change ; 
but they are ‘a very small minority, and do not realise that 
the object of the change is the cheapening of the supply all 
round, 

It is absurd to talk about “the benefit of the Cor- 
poration.” Who are the Corporation but the representatives 
of the people, and whose is the undertaking but the people's? 
The object of the Corporation 1$ to give that form of supply 
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Which is most economical, and consequently most con- 
venient, for the majority. Electric light has been in the 
past too much the exclusive light of the rich man, who can 
well afford to pay a high price and to indulge in every kind 
of low-voltage complication which suits his own special 
fancy or convenience; but to maintain low voltage to suit 
these consumers means to keep up the price and to prevent 
the great British public from using electric light at all. The 
benefit of the majority, while at the same time dealing justly 
with existing consumers in making the change, is what the 
Corporation aims at. There are no dividends to make, and 
all profits are used, after providing for the lasting financial 
soundness of the undertaking, in reducing the price. 

The Corporation might have been content to leave 
things as they were and let the price remain high, but this 
would have prevented the growth and spread of the under- 
taking, leaving the supply to those who could afford to pay 
for it, and whose special and exceptional circumstances tt 
happened to suit. 

Most people want light, and they want it in 8, 16, or 32 
candle-power lamps. These, therefore, demand the first 
and most careful consideration. The question 1$ how to 
supply these at the lowest cost. Having settled that, the 
other consumers must be made to accommodate themselves 
to the altered condition of things, and it is surprising, after 
all, how very little difficulty is experienced in шонун» 
existing appliances to suit the new conditions, 

Voltmeters are met with in several houses supplied at 
100 volts. They are not readily altered to suit 250 volts, but 
why should they be allowed to interfere with progress ? 
They are at best most unnecessary and objectionable things 
for consumers to have. It is a significant fact that it is only 
ІП 100-volt supplies as a rule that these voltmeters are found. 

In concluding, attention should be drawn to the ano- 
malous position in which the Board of Trade have put the 
owners of undertakings by allowing them to increase the 
pressure of supply to all consumers, but only with the 
consent of such consumers in the case of those supplied 
previously to the date of the revised Regulations. | 

Іп Glasgow common sense has always so far prevailed, 
but in London it does not seem to have done so, and a mere 


handful of consumers have in some cases held out against 
VOL. XXX. 8 
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the change for no apparent reason whatever, except the 
unpleasant peculiarities of certain kinds of human nature. 

А deputation representing some of the London Süpply 
Companies waited upon the President of the Board of 
Trade about the matter. While admitting that it seemed 
unfair for a few consumers to have the power of practically 
upsetting the whole undertaking, the President is reported 
to have said that the companies should have done more to 
conciliate the consumers. One cannot help feeling that the 
companies in London are hardly dealt with. Every im- 
provement they try to make seems to be obstructed by 
County Council, Board of Trade, or some other body. 
They are supposed to be doing everything purely for their 
own selfish gain, and never with the object of improving 
the conditions for the consumer. Would not the case be 
very different if the local authorities of London all held the 
electrical undertakings in their own hands? Would the 
President of the Board of Trade have made the same 
remarks if the local authorities had been making the repre- 
sentation before him? Yet the necessity for the change is 
the same with the companies as with the undertakings in 
the hands of local authorities. 

It is to be hoped that the Board of Trade will give com- 
pulsory powers in this matter of change of voltage, subject 
to arrangement or compensation to be settled by an inde- 
pendent arbitrator. 

The local authorities of London may quite possibly be 
the right parties to own the electricity undertakings, and it 
is their own fault that they are not so. 

Glasgow has realised the importance of the matter, and 
purchased the original undertaking from Messrs. Muir, 
Mavor, and Coulson, and more recently the Kelvinside 
Company's undertaking. The whole of this latter company's 
consumers have now, with one exception, been changed to 
the 250-volt supply, and great progress has been made with 
the change of the old central area. Govan, which is not at 
present part of Glasgow, has started its own supply at 250 
volts, so that if ever it is annexed it will join up with 
Glasgow without further change. Іп this way the whole of 
Glasgow and the adjoining communities are in a fair way 
to get a universal supply at 250 volts, with the exception of 
Partick, which 1s said, under the decision -оҒ the Board of 
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Trade, to be laying down a supply at 240 volts. This 15 not 
good, but Glasgow may nevertheless congratulate itself. that 
it is not like London. 


BAILIE МАСІАҮ, convener of the Glasgow Corporation Electricity 
Committee, said that he was very pleased to be present to hear Mr. 
Chamen's able paper. They of the Electricity Committee had engaged 
Mr. Chamen under a deep sense of responsibility, but he thought that 
anybody who had seen the work that Mr. Chamen had done for them, 
would agree that they could not possibly have made a better choice. 
He was very pleased to have heard Mr. Chamen's views expressed to 
a scientific audience, and from the attention with which they had been 
followed it was clear to him that he could express himself equally 
Jucidly to a technical audience or to the members of the Electricity 
Committee. 

Mr. W. B. Sayers said that he agreed with Mr. Chamen that 
continuous current is the most satisfactory supply for a consumer. 
Beyond the reasons for this given by Mr. Chamen there was the 
additional reason that continuous-current motors may be made with 
variable speeds economically. Until recently difficulties of commuta- 
tion made it impracticable to work a continuous-current motor at 
anything below its normal excitation without loss of power and 
destruction of the commutator, but recent improvements had rendered 
it possible to vary the speed of a motor. This the speaker thought was 
a very great advantage. Motors which were installed for continuous 
current might be made to drive a machine not at nearly the correct 
speed but at exactly the correct speed. With reference to the question 
of voltage of supply to consumers and the Board of Trade limitation to 
240 volts, it seemed only reasonable that the Board of Trade should 
allow in the limit of pressure to private consumers the same latitude as 
they recognise with regard to the “declared ” pressure. In other words 
they would be perfectly consistent if they specitied that the limit should 
not be deemed to be exceeded if the pressure were within tour per cent. 
of 230 volts. This seemed to him (Mr. Sayers) to be the natural and 
common-sense decision for the Board of Trade to come to on the 
question. ы е 

With regard to Mr. Chamen's reference to the firm of Messrs. Mavor 
& Coulson, he (Мг. Sayers) did not think that they had been sufficiently 
remembered for their enterprise and the pecuniary loss they had sus- 
tained when their station, mains, etc., were taken over at scrap value. 
Mr. Mavor had told him of occasions when, seated in his office, watch- 
ing the arc lamps in a building opposite, his heart would jump with 
any flicker of the light, lest а hitch had taken place in the supply. 
Messrs. Muir, Mavor & Coulson's venture was the beginning ot the 
Glasgow public supply, however, and he thought their pioneer work in 
this connection dcserved to be remembered by the citizens of Glasgow. 

Mr. M. T. PICKSTONE, of Messrs. D. Bruce Peebles & Co., Edinburgh, 
referred to the variation in voltage required for continuous-current gene- 
rators. Не said this could economically be obtained without sacrificing 
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efficiency to a very large extent. His firm had frequently had to 
produce generators running with а range of from 400 to 500 volts with 
constant engine-speed, and in fact it seemed to him that the only point 
that affected central stations was the question of the lamps, and so far 
as the station was concerned there was every possible advantage in 
using a higher pressure. 

With reference to the subject of speed variation, he had a con- 
versation with Mr. Chamen about a year ago as to the possibility and 
extent to which the field of a generator could be weakened апа still 
allow its maximum current to be extracted. Mr. Chamen expressed 
the opinion that he thought it possible with certain types of machines 
to weaken the field down to zero and still take the full current without 
difficulties as to sparking at the commutator. This of course is done 
to a very great extent in all central stations in connection with the 
battery-charging boosters; he had, however, been experimenting of 
late in this direction with the view of utilising it for variable-speed 
motors, and at that moment his frm had in hand a contract for supplv- 
ing Messrs. Lloyds, of London, with a printing press motor of 50 H.P. 
worked on this plan, which is commonly known as the Ward-Leonard 
system, in conjunction with Messrs, Geipel & Lange. 

With this system of motor control it is Possible to start the large 
motor from rest and get a gradual variation in speed up to the full load 
from zero, the amount of variation between each step merely depending 
upon the number of contacts on the shunt rheostat used. In the case in 
point a small motor-generator capable of carrying the full current of a 
50-H.P. motor is provided, the generator portion of the motor-generator 
being provided with a shunt-reversing rheostat. The switchgear for 
this is exceedingly simple, and merely consists of a starting switch for 
the motor-generator, a reversing shunt rheostat for the generator portion 
of the transformer, and a double pole circuit breaker in connection with 
the large machine. The transformer is first switched on, the generating - 
portion developing 200 volts opposing the voltage of the line, and thus 
preventing any current from passing through the large motor. Оп 
gradually weakening the generator field, the large motor slowly starts 
from rest with its full current, and the speed is raised by weakening the 
generator ficld until this latter is at zero. At this instant the large motor 
is running at half its full speed, and the generator is carrying its full- 
load current with no field whatever. Still further to increase the speed 
of the motor, the shunt of the generator is reversed and the field 
strengthened up in the opposite direction until the full field in the 
opposite direction is obtained on the generator. During this latter 
series of operations the voltage of the generator is strengthening the 
voltage of the line, so tbat the large machine has practically 400 volts 
across it when running at full load. With this system of motor control 
not only is the switchgear exceedingly simple and compact, but there 
is no possibility of the motor-man making any mistake regarding it. 
The efficiency of the whole system is, moreover, exceedingly high, and 
the writer hopes in the course of a few months to be able to give the 
Institution a careful series of tests as regards efficiency and regula- 
tion of such combinations. This system of course is not new, having 
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been adopted to some considerable extent in the United States, but it 
does not appear, for some reason or other, to have beer made use of 
in this country before, апа more light is needed for the public to 
appreciate its manifold advantages. 

Mr. J. M. M. Munro: The paper docs not offer to deal with the 
wholes ubject of electrical distribution, or even exhaustively to review апу 
definite detail of that subject. Mr. Chamen has chosen instead to deal 
with a few questions, primarily of local interest, but not without very 
great general importance. Не has discussed these with that practical, 
comprehensive common sense which we have learned to expect from 
him. The relative advantages of high and low tension for town lighting 
is a subject which lends itself to endless discussion, as each disputant 
can select, out of endless possibilities, the conditions favourable to the 
system һе favours, and so have no difficulty in proving that system to 
be the more economical. But when work is begun in a definite area, 
facts assert themselves. Мг. Chamen is right, therefore, in considering 
it a suggestive fact that several towns are changing, or are desirous ot 
changing, from high-tension alternating to low-tension continuous, А 
considerable part of Mr. Chamen's paper is devoted to defending the 
pressure of 250 volts adopted in Glasgow, and deprecating the decision 
of the Board of Trade elsewhere to enforce 240 as a maximum, Гат 
not going to enter on the legal question of the interpretation of the 
Board of Trade rules. But it is quite within our province to discuss 
whether there be any practical reason why 250 volts should or should 
not be a permissible declared pressure. Reasonable objection might be 
made to this pressure if it could be shown either—(1) That the shorter 
life and slightly lower efficiency and other practical disadvantages of 
the 250-volt lamp more than neutralised the economv of generation and 
distribution due to the difference between 150 volts and any lower 
pressure. (2) That the risk of leakage, fire, extinction of light, &c., 
was so increased that the whole system, outdoor and in, could not be 
made as safe as before without adding so much to the capital expendi- 
ture on insulation that the interest and depreciation thereon would 
neutralise the saving of copper by use of the higher pressure. (The 
Glasgow installation, as Mr. Chamen has pointed out, belongs to the 
citizens, so that the sum of the losses of (1) and (2) should be set against 
the initial saving due to the increased voltage.) (3) That the risk of 
injury by shock was seriously increased by the increase of potential 
difference. 

So far as I have been able to make out, after endeavouring to balance 
these with such figures as І was in a position to obtain, the benefit of 
using 250 volts amply justified the change from roo or even 200 volts. 
It is obvious that a pressure of 240 volts gives nearly all the benefits 
which may be derived from 25о. Why, then, apart from the question 
of too many standards (for the variety of which the Board of Trade is 
not altogether responsible), ought we to agitate for a 250-volts standard: 
My own mind has for many years favoured the adoption of 250 volts 
as the maximum standard; for these among other reasons—(1) Its 
double (3502-350 volts) the pressure of the outers, is the common 
standard pressure for tramway work, In most places the supply for 
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efficiency to а very large extent. His firm had frequently had to 
produce generators running with a range of from 400 to 500 volts with 
constant engine-speed, and in fact it seemed to him that the only point 
that affected central stations was the question of the lamps, and so far 
as the station was concerned there was every possible advantage in 
using a higher pressure. 

With reference to the subject of speed variation, he had a con- 
versation with Mr. Chamen about a year ago as to the possibility and 
extent to which the field of a generator could be weakened апа still 
allow its maximum current to be extracted. Мг. Chamen expressed 
the opinion that he thought it possible with certain types of machines 
to weaken the field down to zero and still take the full current without 
difficulties as to sparking at the commutator. This of course is done 
to а very great extent in all central stations in connection with the 
battery-charging boosters; he had, however, been experimenting of 
late in this direction with the view of utilising it for variable-speed 
motors, and at that moment his firm had in hand a contract for supplv- 
ing Messrs. Lloyds, of London, with a printing press motor of бо Н.Р. 
worked on this plan, which is commonly known as the Ward-Leonard 
system, in conjunction with Messrs, Geipel & Lange. 

— With this system of motor control it is possible to start the large 
motor from rest and get a gradual variation т speed up to the full load 
from zero, the amount of variation between cach step merely depending 
upon the number of contacts on the shunt rheostat used. In the case in 
point a small motor-generator capable of carrying the full current of a 
5о-Н.Р. motor is provided, the generator portion of the motor-generator 
being provided with a shunt-reversing rheostat. The switchgear for 
this is exceedingly simple, and merely consists of a starting switch for 
the motor-generator, a reversing shunt rheostat for the generator portion 
of the transformer, and a double pole circuit breaker in connection with 


the large machine. The transformer is first switched on, the generating - 


portion developing 200 volts opposing the voltage of the line, and thus 
preventing any current. from passing through the large motor. On 
gradually weakening the generator ficld, the large motor slowly starts 
from rest with its full current, and the speed ts raised by weakening the 
generator field until this latter is at zero. At this instant the large motor 
is running at half its full speed, and the generator is carrying its full- 
load current with no field whatever. Still further to increase the speed 
of the motor, the shunt of the generator is reversed and the field 
strengthened up in the opposite direction until the full field in the 
opposite direction is obtained on the generator. During this latter 
series of operations the voltage of the generator is strengthening the 
voltage of the line, so tbat the large machine has practically 400 volts 
across Ц when running at full load. With this system of motor control 
not only is the switchgear exceedingly simple and compact, but there 
is no possibility of the motor-man making any mistake regarding it. 
The efficiency of the whole system is, morcover, exceedingly high, and 
the writer hopes in the course of a few months to be able to give the 
Institution a careful series of tests as regards efficiency and regula- 
tion of such combinations. This system of course is not new, having 
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been adopted to some considerable extent in the United States, but it 
does not appear, for some reason or other, to have beer made use of 
in this country before, апа more light is needed for the public to 
appreciate its manifold advantages. 

Mr. ). M. М.Мохко: The paper does not offer to deal with the 
wholes ubject of electrical distribution, or even exhaustively to review any 
definite detail of that subject. Мг. Chamen has chosen instead to deal 
with a few questions, primarily of local interest, but not without very 
great general importance. Не has discussed these with that practical, 
comprehensive common sense which we have learned to expect from 
him. The relative advantages of high and low tension for town lighting 
15 а subject which lends itself to endless discussion, as each disputant 
can select, out of endless possibilities, the conditions favourable to the 
system he favours, and so have no difficulty in proving that system to 
be the more economical. But when work is begun in a definite area, 
facts assert themselves. Mr. Chamen is right, therefore, in considering 
it a suggestive fact that several towns are changing, or are desirous of 
changing, from high-tension alternating to low-tension continuous. А 
considerable part of Mr. Chamen's paper is devoted to defending the 
pressure of 250 volts adopted in Glasgow, and deprecating the decision 
of the Board of Trade elsewhere to enforce 240 as à maximum, I am 
not going to enter on the legal question of the interpretation of the 
Board of Trade rules. But it is quite within our province to discuss 
whether there be any practical reason why 250 volts should or should 
not be a permissible declared pressure. Reasonable objection might be 
made to this pressure if it could be shown either—(1) That the shorter 
life and slightly lower efficiency апа other practical disadvantages of 
the 250-volt lamp more than neutralised the economv of generation and 
distribution due to the difference between 150 volts and any lower 
pressure. (2) That the risk of leakage, fire, extinction of light, &c., 
was so increased that the whole system, outdoor and in, could not be 
made as safe as before without adding so much to the capital expendi- 
ture on insulation that the interest and depreciation thercon would 
neutralise the saving of copper by use of the higher pressure, (The 
Glasgow installation, as Mr. Chamen has pointed. out, belongs to the 
citizens, so that the sum of the losses of (1) and (2) should be set against 
the initial saving due to the increased voltage.) (3) That the risk of 
injury by shock was seriously increased by the increase of potential 
difference. 

So far as I have been able to make out, after endeavouring to balance 
these with such figures as I was in a position to obtain, the benefit of 
using 250 volts amply justified the change from roo or even 200 volts. 
It is obvious that a pressure of 240 volts gives nearly all the benefits 
which may be derived from 250. Why, then, apart from the question 
of too many standards (for the variety of which the Board of Trade is 
not altogether responsible), ought we to agitate for a 250-volts standard? 
My own mind has for many years favoured the adoption of 250 volts 
as the maximum standard; for these among other reasons—(1) Its 
double (502-550 volts) the pressure of the outers, is the common 
standard pressure for tramway work. In most places the supply for 
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tramwavs and lighting can be with advantage combined under one 
management,*and it is as well to have as many parts as possible 
interchangeable between the two. (2) The pressure of 500-5350 volts 
is about the limit of safe pressure for physiological reasons. At this 
pressure shock is unpleasant. We have all heard of injury to people 
by much less than 500 volts, but we also know of many who have 
received 500-volt shocks without harm. Much of course depends оп 
the route of the current through the body, the resistance of the contact 
made, and the condition of the recipient both as regards mind and 
body. Inanv case a pressure ОЁ 500 volts appears to be about the safe 
limit under ordinary conditions. (3) А less important reason is that 
250-500 are conveniently round figures. (4) I might add a fourth 
rcason that with pressures over 250 volts switches and minor appliances 
need to be somewhat clumsy to get safety distance between parts. 

I have no doubt that it will in time be necessarv to add to the 
number and proximity of Glasgow supply stations. I am sorry the 
new Electric Tramway Station was not farther from the Electric Light ` 
Station at Port Dundas—much farther, or a great deal ncarer—that is, 
under one roof. 

For long-distance transmission, the various forms of alternating 
high-tension current may be, and are, successfully employed. Some- 
thing has been attempted in this country, and more will be done, 
in the direction of sending power from where it is cheap to where it is 
dear. For electric railway work alone, on other than short, isolated 
lines, there is a great future for transmission at high pressure, with 
transformation down to working pressures of 500 volts for polyphase 
motors, as well as by transformation to continuous current at like 
pressures for lincs having many stopping-places close together. 

LorD KELVIN asked Mr. Chamen if it was possible to increase the 
pressure of an installation from, say, 200 volts to 250 volts by simply 
increasing the speed of the engines and dynamos. He wished to know 
if the fittings now in use for 100 or 200 volts were suitable for 250 volts. 
Lord Kelvin had himself said some years ago that he did not think it 
would be safe to allow а higher pressure than 300 volts inside a соп- 
sumer's premises. His Lordship also made interesting reference to the 
development of the incandescent lamp by Swan and Edison. He 
mentioned that Swan had started by making lamps at 45 volts pressure, 
and that Edison had doubled this pressure, making his lamps suitable 
for 100 volts. Since then the pressure of supply had gradually risen, 
and he was pleased to know that satisfactory 250-volt lamps could now 
be made. | 

Mr. P. D. IoNipEs, of the Westinghouse Company, made brief 
reference to the flexibility of a three-phase transmission and dis- 
tribution. 

Mr. Sam МАХОВ, referring to Mr. Sayers’ remarks, wished to 
acknowledge the very generous recognition which Mr. Chamen had 
always accorded to Messrs. Muir, Mavor & Coulson's pioneer work in 
the Public Electric Supply for Glasgow. Mr. Chamen had earned 
great credit for his courage in taking the initiative in boldly adopting 
the maximum pressure allowed by the Board of Trade, and in facing 
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not only such technical difficulties as existed but also the uncertaintiés 
involved in his interpretation of an ambiguous clause in the Board of 
Trade Regulations. That Mr. Chamen's rendering of the clause was 
the common-sense one the speaker had no doubt, and he was glad to 
hear that Lord Kelvin gave the weight of his authority in support of 
this interpretation. 

Bailie Maclay had referred to the Corporation's good fortune in 
having the professional advice of Lord Kelvin at the critical time when 
the electric lighting undertaking was absorbed, and especially to the 
advice which led to the adoption of the low-tension system. Although 
it was now ancient history, the speaker reminded Lord. Kelvin that 
Messrs. Muir, Mavor & Coulson also had the privilege of his advice 
and were in a position, with his Lordship's support, to inform the 
Corporation that whatever might be the best course for Мет to follow, 
the high-tension alternating svstem of distribution was the only com- 
mercially possible one by which the pioneer work could have been 
carried out, and it was therefore the right one for Muir, Mavor & 
Coulson to adopt. In valuing the high-tension plant, however, the 
Corporation omitted to value the business it had made; but the value 
of the business they then took over has since dawned upon them. 

Professor M. MACLEAN gave two tables showing the pressure of 
supply in 9o low-tension stations and in 75 high-pressure stations in 
this country. Of до low-pressure continuous-current stations he found 
that there were— 


IO at roo volts declared pressure. 


I „ 107 РА М (St. James' Parish). 

I , 113 is m (Leamington). 

4 » IIO » РА 

4 » 150 3) » 
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24 э) 220 >? )) 

14 ” 230 » » 
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3» 250 T 5 namely—(a) Glasgow, (b) 


Greenock, and (c) Govan. 
but of 75 high-pressure alternating current stations there were— 


28 working at тоо volts pressure. 
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Mr. JAMES Coars (communicated) : With reference to the number of Mr, Coats. 
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electric supply companies using high-voltage continuous current, Dr. 
Magnus Maclean mentioned there were only three of 250 volts, 
viz., Glasgow, Govan and Greenock. І may mention, however, that the 
Scottish Co-operative Wholesale Society, Limited, of Glasgow (while 
not a public supply company, vet having a larger output than many 
public companies), were among the first in Scotland to adopt the higher 
pressures, It is now about five vears since I observed the St. Pancras 
Vestry had raised their voltage to 220—Glasgow at that time being 100 
volts. About that time I laid down a fair-sized lighting installation at 
a pressure of 220 volts, which has now been working for four years 
without having to renew a switch. Two years ago a larger installation 
was required for lighting and transmission of power in connection with 
six large factories, having over 30 motors ranging from $ Н.Р. to 
to 20 H.P. I decided to follow on the lines of Mr. Chamen, and the 
plant accordingly was laid down for 250 volts. This has now been 
running for sixteen months amongst all classes of workpeople, male 
and female, and so far everything has been very satisfactory. Apart 
from the considerable saving in the cables my main object in going up 
to this voltage was to be in keeping with the Glasgow Corporation 
supply, so that there should be no ditficulty т changing over at any 
time that the Corporation were able to supply the current cheaper 
than we could produce it. It seems to me it is most absurd for the 
Board of Trade to issue vague regulations, which apparently can only 
be read by lawvers. 

Мг. WiLLIAM MCWHIRTER (communicated): I must first of all con- 
gratulate the Glasgow Local Section on having a paper brought before 
them dealing so admirably with electricity supply so far as Glasgow is 
concerned, With the arguments put forward by Mr. Chamen in 
favour of low-tension continuous current, as against alternating high 
tension, in compact areas I think everv one must agree, it is surprising, 
in face of all the experience gained with low-tension working, that even 
now engineers are to be found who have the courage to advise the 
adoption of alternating currents in such areas. 

No fault can be found with Mr. Chamen's decision to adopt the full 
pressure allowed by the Board of Trade, and in my opinion it is a 
gricvous mistake that the Board of Trade should now step in to make 
an alteration of only a few volts, which, however, are sufficient to inter- 
fere with what was most likely in the future to be a universal standard 
of pressure, viz., 500 volts on a three-wire system. Surely the time ts 
come when the electrical trades should take up a position and bring 
pressure to bear upon the Board of Trade in such а way that so 
unreasonable а proposal as this alteration should not take cttect. 
Other trades and industries have һай before now to bring such 
pressure to bear upon а Government department, and surely now is the 
time for the electrical industry to be up and doing. Supposing the 
Board of Trade argument to be that 509 volts flus the drop in 
the feeders is dangerous, then surely one and all will admit that 500 
volts cannot be safe. That being so, Ц is much the same as allowing 
an alternating-current supply at ooo volts, but refusing to pass it at 
10,000 volts. Mr. Chamen ад very clever argument іп favour of 


1900. ] DISCUSSION. 121 


the increased pressure when he defines “who are the Corporation.” 
There is no doubt whatever that with all deference to such an authority 
the pressure of 250 volts is not so convenient for the user as а rule, but 
at the same time there is every prospect that this will be only а 
temporary objection, as no doubt very shortly lamps will be found 
(especially arc lamps) which will work as well, and аз economically, on 
the higher pressure as they have hitherto on the lower. Failing this 
there із no reason why the reduced price of electricity when used 
in motors should not be utilised in many instances for driving small 
motor gencrators, and so getting the pressure that may be found most 
convenient. 

In conclusion I have to Join in thanking Mr. Chamen most heartily 
for the splendid paper he has brought before the meeting. 

Мг. W. А. CHAMEN, in reply to the discussion, said that the only 
difficulty in making a change of pressure lay in the consumers! installa- 
tions. Even if incandescent lamps were a little less efficient at the 
higher voltage, that had been taken into account by Мг. Addenbroke in 
the paper rcferred to, and there was still a considerable balance in 
favour of the high pressure as regarded cost of lighting, because the 
price of current could be so much reduced. 

Experience had not shown that there was any greater risk of fire 
with 250 volts than with тоо volts. What had certainly given him some 
trouble with bad installations (often new ones) was the fact that the 
middle wire of the 250-volt system was carthed. 

This caused small outbreaks of fire sometimes by fusing compo gas- 
pipes and setting the gas on fire. 

The risk of accident by shock was nothing, but it had often struck 
him as strange that while the Board of Trade were so anxious lest the 
public should get shocks they seemed perfectly indifferent about the 
risk of burning people alive in their own houses. That question 
appeared to be the business of some one else. 

As regarded the question why 250 volts should be maintained as 
against 240, which the Board of Trade were prepared to sanction, it 
must be remembered that at the time 250 volts was made use of in 
Glasgow there was nothing above 230 in use elsewhere. Two hundred 
and forty volts had not Бсеп suggested by any опе, and the Board of 
Trade had deliberately made that fresh standard after Glasgow had 
already started and succeeded with a 250-volt supply. 

In answer to Lord Kelvin's questions it was generally found that the 
lamp-holders and switches were quite good for use with the increased 
pressure on installations which had been put in during the last four or 
five years. 

There were, however, some lamp-holders of ancient date still found 
in use occasionally, and also some open switches without covers, which 
had to be replaced. Generally speaking any good make of switch with 
a quick break would work quite well under the increased pressure so 
long as there was no increase made in the number of lamps controlled 
bv it. 

Dynamos constructed to run at 220 volts could quite well be run up 
to 250 volts as a rule, but the difficulty arose not so much with the 
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dynamos as with the engines which might not so well stand the extra 
speed. 

He was sorry that Mr. Ionides had been alone in the defence of 
multiphase current supplies, and thought he ought to have been better 
supported. No doubt multiphase current could be utilised for driving 
variable speed motors to some extent, and also for electric furnaces, but 
there did not appear to be anv particular advantage in the use of it, 
even for these purposes, and it must be remembered that the main 
question now under consideration was the general supply of electricity 
for lighting firstlv, and then for any other purposes which might be 
made to fit in. 

With regard to the question of costs it must be remembered that no 
fine economy had been possible in Glasgow for some time past, where 
the supply had to be carried on under conditions of great difficulty in 
works under construction. 
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The Three Hundred апа Fifty-Second Ordinary General 
Meeting of the Institution was held at the Institu- 
tion of Mechanical Engineers, Storey's Gate, West- 
minster, on Thursday evening, November 29th, 1900 
—Professor JOHN PERRY, F.R.S., President, in the 
Chair. 


The minutes of the Ordinary General Meeting held on 
November 22nd, 1900, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that these 
names should be suspended. 


The following transfers were announced as having been 
approved by the Council :— | 


From the class of Associates to that of Associate 


Members— 
Thomas Ernest Herbert. 


From the class of Students to that of Associates— 
John Frank Auguste Margetts. 


Messrs. J. H. Johnson and S. J. Clay were appointed 
scrutineers of the ballot for the election of new members. 


A donation to the Library was announced as having 
been received since the last meeting from Société Anonyme 
John Cockerill, and to the Building Fund from Mr. James 
Kynoch, to whom the thanks of the meeting were duly 
accorded. 


The PRESIDENT : I have to announce that on the 18th of 
December a Reception will be held at the Covent Garden 
Opera House, which has been most kindly lent for the 
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purpose by the Managers, Mr. Rendle and Mr. Forsyth. 
The Institution will then, assisted by the Corps of Electri- 
cal Engineers, Royal Engineers, Volunteers, receive the 
Active Service Contingent of that Corps on its return from 
South Africa. The 18th of December has been chosen 
because, although the return of the South African Detach- 
ment is, І believe, announced for the 8th or oth of that 
month, there are delays in ships, and we felt it was well 
to have a safe date. Notices will be sent to members in 
the ordinary course. 

I will now ask Mr. Langdon, Vice-President, to read his 


paper. 


ON THE SUPERSESSION OF THE STEAM BY 
THE ELECTRIC LOCOMOTIVE. 


By W. LANGDON, Vice-President. 


Probably one of the most interesting questions associated 
with the application of electrical energy to railway work is 
its eventual supersession of the steam locomotive. Electric 
locomotives of a capacity equal to that of the steam loco- 
motive, doing similar work, and possessing certain marked 
advantages, are an accomplished fact, and to many it may 
seem that the days of the steam locomotive are numbered. 
We must not, however, forget that that which has been done 
has its raison d'étre. Из employment has hitherto been gene- 
rally confined to localities where the effects of steam and smoke 
would exercise а baneful influence. Because it has been so 
employed, and its employment has been attended with such 
marked success, it does not follow, however much it may 
appear desirable, that in overland lines of railway electricity 
will in future prove to be the element of power. Railways 
are commercial undertakings, in which vast sums of money 
have been embarked, all of which, investors expect, will 
produce a certain annual return. The supersession of the 
steam by the electric locomotive thus resolves itself, 
primarily, into one of profit and loss. If its adoption 
will enable railways to be worked more economically than 
is the case under steam, then it will, with its attendant 
advantages, sooner or later, be adopted—if not by the 
whole, certainly by the greater portion of the railways of 
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this country ; but, whatever the ulterior advantages may be, 
unattended by this result, its adoption will remain doubtful. 

The first question to be asked is: Are we in a position 
to consider the subject? Is the data at our disposal such 
as to admit of a reasonable treatment of it? The primary 
factors are well known. We know how many pounds of 
steam we can obtain from a given quantity of coal. The 
efficiencies of prime movers and electrical generators, 
the loss іп transmission, transformation, and distribution 
are all determinable. Any advantages yet to come must 
be looked for in the steam generator and in the simpli- 
fication and consequent ultimate increase of efficiency 
in the electrical apparatus. In each, no doubt, the future 
will see production cheapened. Labour may advance, but 
competition will grow, and in the price of the manufactured 
article we may reasonably look to the future to produce 
some advantage. 

Having then the material at hand, it is reasonable to 
conclude that the consideration of the subject can only be 
attended with good ; for, if it should be shown that advan- 
tage is to be anticipated from such a change, it will help us 
to grasp that which has to be attempted, and perhaps to 
evolve from the data at our disposal the course most desir- 
able to follow. 

The railways of the United Kingdom comprised on the 
31st of December, 1899,1 the following mileage of line :— 


Double Line or more ... 28 ... 11,077 
Single Line - js i sw 9,223 
Total mileage — ... ... 21,700 


The number of locomotives employed for working these 
railways was 20,461. Тһе total number of vehicles of all 
descriptions was rendered as 752,930. Тһе year's cost for 
locomotive power, including stationary engines, was 
£16,491,377. Тһе number of miles travelled by trains 
was 390,241,265. Number of passengers— exclusive of 
season tickets—1,106,691,991. Тһе tonnage of minerals, 
206,611,190; and of general merchandise, 117,011,835. 

Іп dealing with а question of this nature it seems 


* Board of Trade Railway Returns, 1899, 
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desirable to produce these figures; but they are, in fact, 
except to afford some idea of the magnitude of the subject, 
of very little use. The length of the passenger journevs is 
not stated, nor are the journeys taken by season ticket holders 
included. To be of value the per passenger mileage, includ- 
ing of course the journeys made by season ticket holders, 
should be given. Тһе same objection applies to the 
mineral and goods tonnage statement. It records the 
tonnage declared as placed upon the railway, but whether 
it is carried one mile or one hundred miles is not shown. 
In fact the returns, as rendered, aid the consideration of the 
subject very little; and I am sorry to say the information in 
the hands of the railway companies themselves carries us no 
further. 

Under these circumstances, the establishinent of а 
common basis upon which to consider the relative cost 
presents much difficulty. The only manner in which it can 
be approached is by averaging the data obtainable, оғ by 
. examining the work of a particular section of line. 

In Table I., I furnish extracts from the Board of Trade 
Returns for the year 1899, showing the mileage of line, cost 
of locomotive power, train mileage worked, &c., for England 
and Wales, Scotland and Ireland, together with certain 
deductions therefrom applicable to these results ; as also 
similar data іп reference to six of the most important 
English companies. 

In considering the mileage of line quoted, it should be 
metioned that the figures do not disclose the mileage of 
roads. Over many sections of the several lines of railway 
there are more than two roads. Most main routes working 
out of London possess four, and even six roads, for a con- 
siderable distance ; and the same applies to other busy 
portions of the chief railway systems. 

The table indicated shows that the cost of locomotive 
power for the United Kingdom, including stationary engines 
for pumping and other purposes, works out at 9:988 pence per 
train mile. Thatthe cost for England and Wales is 107253; 
for Scotland 8:862; and for Ireland 8:104 pence. Апа that 
this cost varies with the several companies quoted as 
follows :— London and North-Western, 9'477 репсе; 
London and South-Western, 9:844 ; Great Northern, 9:892 ; 
Great Western, 9:905 ; Midland, 10:218 ; and North-Eastern, 
12:2606—their average cost being 10'267. 
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Column / indicates the number of trains, per mile per 
hour, based upon the mileage of line of railway shown bv 
the returns. Bearing in mind that there are, over manv 
portions of the railways indicated, several lines, or roads, the 
number of trains travelling per mile per hour is, perhaps, 
surprisingly small. Ireland claims but о615 ; Scotland, 
1'609 ; England and Wales, 2:505. Of the railways 
individualised, the Great Western has an average of but 
2; the London and South-Western and the  North- 
Eastern each 2:2; London and North-Western, 2:9 ; Great 
Northern, 3:3 ; and the Midland, 377 (that is, the Midland, 
for instance, has, on an average, 377 trains passing over each 
mile of line of railway, each hour ; not that the mile of line is 
occupied by these 37 trains during the entire hour, but 
that that is the average number of trains worked over the 
mile of line of railway—quite irrespective of the number of 
lines of rails—within that period of time). 

If trains were, in practice, so distributed, this might form 
a basis оп which to found a comparison of cost for the 
entire railway system ; but we know that this is not so—that 
trains are much more frequent on certain portions and less 
frequent on other portions of the lines of railway, and 
although it is a kind of basis, affording some very interesting 
figures, it is not, as it stands, a practical one for the purpose 
in view. То effect this it is necessary to consider the work 
of an individual section of some line of railway ; and with 
this view I have taken that portion of the Midland Com- 
pany's main line between London (St. Pancras) and Bedford 
—omitting the suburban and local traffic applicable to the 
Metropolitan and Tottenham lines. 

The length of line of railway is 49'5 miles— practically 
So miles ; and the number of lines of rails applicable to the 
traffic under consideration may be taken as four—it 1s not 
less. In order to ascertain the number and character of 
trains to be taken into consideration, I have obtained returns 
(Tables Il. and III.) extracted from the Block Book, of 
those trains passing two points—Luton and Harpenden— 
each hour, during a day of twenty-four hours in the month of 
July, 1900, which I have summarised and classified so as to 
bring the subject within reasonable scope. These details 
are carried forward to Table IV., which forms the basis of 
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calculation for comparison of cost for power to work the 


trafic indicated. 


TABLE Il. 


LUTON. 


Slatement of the Number of Trains recorded іп the Block Book for the 24 


hours ending midnight on Thursday, Fuly 19, 1900. 
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TABLE III. 
HARPENDEN. 


Statement of the Number of Trains recorded in the Block Book for the 24 
hours ending midnight on Thursday, Ушу 19, 1900. 
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The classification adopted is necessarily somewhat arbi- 
trary, but in its construction І have endeavoured to err on 


LICL 
LONDON Saorceo SECTION 


AMPTHILL MIOLAND RAILWAY. 


Реутте 


HARLINGTON 


LEAGRAVE 


$7 ALBANS 
Жж 


мл мее 


ENGINE SHEOS Ф 
WaTER PILLAR& е 


e SIPANCAAS 


the right side—for instance I have debited each train of its 
class as a loaded train, whereas some would certainly be 
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light trains. Again I have, I believe, accorded to each their 
full merit of speed, although there is reason to assume that, 
in many instances, certain goods and minerals would not 
observe that allotted to them. From this table we get the 
tractive effort per train, and the consequent mechanical and 
electrical power required to deal with оне hours work. 
The work may, and of course does, vary from one hour to 
another; indeed, that is clearly shown by Tables II. and 
Ш.; for instance, the trains passing Harpenden vary per 
hour from 7 to 16, and Luton from 7 to 10, but the section 
of line chosen may be regarded as a full line, a line well 
occupied by trains both night and day, Sundays and week- 
days. The returns show an average of 1170 trains passing 
Luton and of 12:4 passing Harpenden, per hour. n 
taking an average, however, І have apportioned no less 
than 14 trains to the hour. This number divided between 
the four lines of metals gives a result of 3:5 trains per mile 
per hour, per line of metals. It may here, however, be as 
well to point out that, so long as the appropriated number 
of trains is fairly that in practice, the number applied is, for 
comparison Purposes, immaterial, for the comparison 1 draw 
I5 based upon the train mileage cost. 

Fig. 1 illustrates the section of line under consideration. 
The position of engine-sheds is shown by stars (*) ; of 
Water-cranes by dots (°). The short or suburban traffic 
between St. Pancras and Hendon, and the Tottenham line, 
&c., 1$ not included in my schedules, for the reason that, 
viewing the section of line as if actually subject to elec- 
trical working, there would be little doubt that this imme- 
diate London-Suburban traffic would demand a generating 
station nearer home than that indicated in the scheme I have 
adopted 45 my basis for the comparison of costs for work- 
ng а 5o-mile section of line. 

_ The Plant scheme is roughly outlined in Fig. 2. Midway 
їп the 50 miles of railway is the central station, containing 
four 2,500 kilowatt, three-phase, or other characteristic, 
oe volt generators. At this pressure current is distri- 
в to substations, each serving 10 miles of railway, 
) еге {һе Potential is converted to боо, from whence it 
5 Carried to the contact-rail. Or the centre ro-mile section 
+ ау be provided for by direct-current generators served 
om the same steam plant. 
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The efficiencies of the various parts are assumed as 
follows :— 


Loss. Efficiency. 
Per cent. 
Motors .. Т” ous 15 T "85 
Ohmic loss in rails "T IO xs "90 
Leakage ... ide сс 23- d "975 
Rotary converters T IO іні "90 
Static transformers Т 7 T 93 


Н.Т. transmission кы IO pis ‘90 
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The total kilowatts required on the train-wheels (Table 
IV.) is 2,905 рег hour, and the number of trains is 14. 


2, | 
Therefore (2995) 207'5 will be the average kilowatts per 
train hour; and, assuming the efficiency of the motors at 
85 per cent., es 244 kilowatts will be the average power 


required to be supplied to each train. If now we allow 
то per cent. loss in the rails which supply and return the 
current, a pressure of 540 only will be available at either 
end of a section of 10 miles. Therefore the amperes рег 


train that will be required will be ae 452. 
As there are 14 trains per hour in the total 50 miles 


section, there will be LL 2:8, say 3 trains in one section 


of то miles to be supplied by one substation. 


452 X 3 = 1,356 amperes. 


Adding 23 per cent. for leakage, we have 1,390 amperes as 
the current to be supplied by each substation at 600 volts. 
| The efficiency of the converters and static transformers 
is taken at, respectively, до per cent. and 93 per cent., and 
the three-phase transmission at 9o per cent. 

7 1,390 x боо 

1,000 x "9 x 7403 x 79 
trains for each section containing 3 trains. 

As there are 14 trains, there will be 4 sections with 3 each, 
and 1 section with 2 trains. 

Now the 4 sections with 3 trains each would require— 


= 1,107 k.w. to be delivered to the 


1,107 X 4 = 4,428 kilowatts. 


i To allow for the maximum loss let it'be assumed that 
е Centre ro-mile section, which as previously indicated 
GN be Supplied direct at боо volts, is so dealt with, and 
at it is the section that has two trains only. 
The kilowatts required would equal— 


1,390 x 600 


2 ; 
осо х - = 556 kilowatts. 
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Teretere the total k:lowatts to Бе senerated would be— 


(425 +> 559) = 4.684, зау 5,000, 


2 - 
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Cables, including laying... ... £70,000 
Contact rail—200 miles (1.¢., 4 roads of 
50 miles each) . 0 Se. За 70,000 
140,000 
Total capital outlay for generation and distri- 
bution of current us zu ae ... £470,000 


The figures comprised within the two first items are 
practically those given by Mr. Parshall with reference to a 
somewhat similar plant, with the exception that the amounts 
have been increased to the extent of £15,000 for the gene- 
rating station equipment, consequent upon the adoption 
of a higher voltage; and £10,000 for generating station 
buildings to meet any advance of prices. £10,000 has also 
been added for independent transformer buildings. The 
cost of cables, including laying in position, is based upon 
the current demand and mileage. 

The hourly demand has been shown to be 5,000 kilo- 
watts. The annual output for the section of line under 
consideration will therefore be this amount multiplied by 
the twenty-four hours per day, and 365 days to the year, 
viZ., 43,800,000 kilowatt hours. 

On this basis I estimate the annual cost for generation 
and distribution of current as shown in the annual column 
of the following table, from which, by dividing the sums 
there shown by the annual kilowatt output, I obtain the per 
kilowatt-hour charge. 

To the foregoing we have to add the cost for drivers and 
assistants in attendance upon the electric locomotives—per- 
torming practically the same duties as the driver and firemen 
in attendance upon the steam locomotive; together with that 
for repair and renewal of all machinery, including the 
locomotives. 

In his presidential address to the members of the Institute 
of Mechanical Engineers in x898, Mr. S. W. Johnson, the 
Locomotive Engineer for the Midland Railway, furnished 
valuable data in relation to the cost of moving railway trains. 
From this data I, by his courtesy, am enabled to furnish the 
details shown on Table VI. 


Mr. Chamen 
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dynamos as with the engines which might not so well stand the extra 
speed. 

He was sorry that Mr. Ionides had been alone in the defence of 
multiphase current supplies, and thought he ought to have been better 
supported. No doubt multiphase current could be utilised for driving 
variable speed motors to some extent, and also for electric furnaces, but 
there did not appear to be any particular advantage in the use of it, 
even for these purposes, and it must be remembered that the main 
question now under consideration was the general supplv of electricity 
for lighting firstly, and then for any other purposes which might be 
made to fit in. 

With regard to the question of costs it must be remembered that no 
fine economy had been possible in Glasgow for some time past, where 
the supply had to be carricd on under conditions of great difficulty in 
works under construction. 


JOURNAL 


OF THE 


Institution of Electrical Engineers. 


Founded 1871. Incorporated 1883. 


VoL. XXX. 1901. 2222 No. 148. 


The Three Hundred апа Fifty-Second Ordinary General 
Meeting of the Institution was held at the Institu- 
tion of Mechanical Engineers, Storey's Gate, West- 
minster, on Thursday evening, November 29th, 1900 
— Professor JOHN PERRY, F.R.S., President, іп the 
Chair. 


The minutes of the Ordinary General Meeting held on 
November 22nd, 1900, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that these 
names should be suspended. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Associate 


Members— 
Thomas Ernest Herbert. 


From the class of Students to that of Associates— 
John Frank Auguste Margetts. 


Messrs. J. H. Johnson and S. J. Clay were appointed 
scrutineers of the ballot for the election of new members. 


A donation to the Library was announced as having 
been received since the last meeting from Société Anonyme 
John Cockerill, and to the Building Fund from Mr. James 
Kynoch, to whom the thanks of the meeting were duly 
accorded. 


The PRESIDENT : I have to announce that on the 18th of 
December a Reception will be held at the Covent Garden 
Opera House, which has been most kindly lent for the 

VOL. XXX. 9 
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purpose by the Managers, Mr. Rendle and Mr. Forsyth. 
The Institution will then, assisted by the Corps of Electri- 
cal Engineers, Royal Engineers, Volunteers, receive the 
Active Service Contingent of that Corps on its return from 
South Africa. Тһе 18th of December has been chosen 
because, although the return of the South African Detach- 
ment is, І believe, announced for the 8th or 9th of that 
month, there are delays in ships, and we felt it was well 
to have a safe date. Notices will be sent to members in 
the ordinary course. 

I will now ask Mr. Langdon, Vice-President, to read his 


paper. 


ON THE SUPERSESSION OF THE STEAM BY 
THE ELECTRIC LOCOMOTIVE. 


By W. LANGDON, Vice-President. 


Probably one of the most interesting questions associated 
with the application of electrical energy to railway work is 
its eventual supersession of the steam locomotive. Electric 
locomotives of a capacity equal to that of the steam loco- 
motive, doing similar work, and possessing certain marked 
advantages, are an accomplished fact, and to many it may 
seem that the days of the steam locomotive are numbered. 
We must not, however, forget that that which has been done 
has its raison d'étre. Its employment has hitherto been gene- 
rally confinedtolocalities where the effects of steam and smoke 
would exercise a baneful influence. Because it has been so 
employed, and its employment has been attended with such 
marked success, it does not follow, however much it may 
appear desirable, that in overland lines of railway electricity 
will in future prove to be the element of power. Railways 
are commercial undertakings, in which vast sums of money 
have been embarked, all of which, investors expect, will 
produce a certain annual return. Тһе supersession of the 
steam by the electric locomotive thus resolves itself, 
primarily, into one of profit and loss. ІҒ its adoption 
will enable railways to be worked more economically than 
is the case under steam, then it will, with its attendant 
advantages, sooner or later, be adopted—if not by the 
whole, certainly by the greater portion of the railways of 
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this country ; but, whatever the ulterior advantages may be, 
unattended by this result, its adoption will remain doubtful. 

The first question to be asked is: Are we in a position 
to consider the subject? 15 Фе data at our disposal such 
as to admit of a reasonable treatment of it? The primary 
factors are well known. We know how many pounds of 
steam we can obtain from a given quantity of coal. The 
efhciencies of prime movers and electrical generators, 
the loss in transmission, transformation, and distribution 
are all determinable. Any advantages yet to come must 
be looked for in the steam generator and in the simpli- 
fication and consequent ultimate increase of efficiency 
in the electrical apparatus. Іп each, no doubt, the future 
will see production cheapened. Labour may advance, but 
competition will grow, and in the price of the manufactured 
article we may reasonably look to the future to produce 
some advantage. 

Having then the material at hand, it is reasonable to 
conclude that the consideration of the subject can only be 
attended with good ; for, if it should be shown that advan- 
tage is to be anticipated from such a change, it will help us 
to grasp that which has to be attempted, and perhaps to 
evolve from the data at our disposal the course most desir- 
able to follow. 

The railways of the United Kingdom comprised on the 
31st of December, 1899,1 the following mileage of line :— 


Double Line or more ... те ... 11,077 
Single Line Жа d "m sane 10,723 
Total mileage — ... ... 21,700 


The number of locomotives employed for working these 
railways was 20,461. Тһе total number of vehicles of all 
descriptions was rendered as 752,030. Тһе year's cost for 
locomotive power, including stationary engines, was 
£16,491,377. The number of miles travelled by trains 
was 396,241,265. Number of passengers— exclusive of 
season tickets—1,106,691,991. Тһе tonnage of minerals, 
296,611,190; and of general merchandise, 117,011,835. 

In dealing with a question of this nature it seems 


' Board of Trade Railway Returns, 1890. 
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desirable to produce these figures; but they are, in fact, 
except to afford some idea of the magnitude of the subject, 
of very little use. The length of the passenger journevs is 
not stated, nor are the journeys taken by season ticket holders 
included. То be of value the per passenger mileage, includ- 
ing of course the journeys made by season ticket holders, 
should be given. The same objection applies to the 
mineral and goods tonnage statement. It records the 
tonnage declared as placed upon the railway, but whether 
it is carried one mile or one hundred miles is not shown. 
In fact the returns, as rendered, aid the consideration of the 
subject very little; and I am sorry to say the information in 
the hands of the railway companies themselves carries us no 
further. 

Under these circumstances, the establishinent of а 
common basis upon which to consider the relative cost 
presents much difficulty. Тһе only manner in which it can 
be approached is by averaging the data obtainable, or by 
. examining the work of a particular section of line. 

In Table I., I furnish extracts from the Board of Trade 
Returns for the year 1899, showing the mileage of line, cost 
of locomotive power, train mileage worked, &c., for England 
and Wales, Scotland and Ireland, together with certain 
deductions therefrom applicable to these results ; as also 
similar data in reference to six of the most important 
English companies. | 

In considering the mileage of line quoted, it should be 
metioned that the figures do not disclose the mileage of 
roads. Over many sections of the several lines of railway 
there are more than two roads. Most main routes working 
out of London possess four, and even six roads, for a con- 
siderable distance ; and the same applies to other busy 
portions of the chief railway systems. 

The table indicated shows that the cost of locomotive 
power for the United Kingdom, including stationary engines 
for pumping and other purposes, works out at 9:988 pence рег 
train mile. Thatthe cost for England and Wales is 107253; 
for Scotland 8:862 ; and for Ireland 8:104 pence. Апа that 
this cost varies with the several companies quoted 45 
follows :— London апа North-Western, 9'477 pence: 
London and South-Western, 9:844 ; Great Northern, 9'892 ; 
Great Western, 9'905 ; Midland, 10:218 ; and North-Eastern, 
12:266—their average cost being 10'267. 
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Column / indicates the number of trains, per mile per 
hour, based upon the mileage of line of railway shown by 
the returns. Bearing in mind that there are, over many 
portions of the railways indicated, several lines, or roads, the 
number of trains travelling per mile per hour is, perhaps, 
surprisinglv small. Ireland claims but o'615 ; Scotland, 
1609; England and Wales, 2'505. Of the railways 
individualised, the Great Western has an average of but 
2; the London and South-Western and the  North- 
Eastern each 2:2; London and North-Western, 2:9 ; Great 
Northern, 3'3 ; and the Midland, 377 (that is, the Midland, 
for instance, has, оп an average, 37 trains passing over each 
mile of liue of railway, each hour ; not that the mile of line is 
occupied by these 37” trains during the entire hour, but 
that that is the average number of trains worked over the 
mile of line of railway—quite irrespective of the number of 
lines of rails—within that period of time). 

If trains were, in practice, so distributed, this might form 
а basis оп which to found a comparison of cost for the 
entire railway system ; but we know that this 15 not so—that 
trains are much more frequent on certain portions and less 
frequent on other portions of the lines of railway, and 
although it is a kind of basis, affording some very interesting 
figures, it is not, as it stands, a practical one for the purpose 
in view. То effect this it is necessary to consider the work 
of an individual section of some line of railway ; and with 
this view I have taken that portion of the Midland Com- 
pany's main line between London (St. Pancras) and Bedford 
—omitting the suburban and local traffic applicable to the 
Metropolitan and Tottenham lines. 

The length of line of railway is 49:5 miles—practically 
so miles ; and the number of lines of rails applicable to the 
trafic under consideration may be taken as four—it is not 
less. In order to ascertain the number and character of 
trains to be taken into consideration, I have obtained returns 
(Tables II. and III.) extracted from the Block Book, of 
those trains passing two points—Luton and Harpenden— 
each hour, during a day of twenty-four hours in the month of 
July, 1900, which I have summarised and classified so as to 
bring the subject within reasonable scope. These details 
are carried forward to Table IV., which forms the basis of 
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calculation for comparison of cost for power to work the 
trafic indicated. 


TABLE Il. 
LUTON. 


Statement of the Number of Trains recorded in the Block Book for the 24 
hours ending midnight on Thursday, Fuly 19, 1900. 
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Minimum - М А T Т” 7 
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TABLE III. 


HARPENDEN. 


Statement of the Number of Trains recorded in the Block Book for the 24 
hours ending midnight on Thursday, Fuly 19, 1900. 
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Total number of Trains during the 24 hours ... 297 


Maximum number of Trains in 1 hour... "T Ds 16 
Minimum ҮЗ В à es Б dis 7 
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The classification adopted is necessarily somewhat arbi- 
trary, but in its construction I have endeavoured to err on 


м = 


£76. L 
г.омоом колол SECTION 
AM WP HILL Пием. или КРАШ. АРУ 


Fairwien 


HARLI NOTON 


LEAGRAVE 


Mite Wits 


ENGINE боз € 
WAr&R PILLAR& © 


ЖЖЖ eT ise onn 
Ye e SIPDANCAAS 


ш 74 3 


the right side—for instance I have debited each train of its 
class as a loaded train, whereas some would certainly be 
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light trains. Again I have, 1 believe, accorded to each their 
full merit of speed, although there is reason to assume that, 
in many instances, certain goods and minerals would not 
observe that allotted to them. From this table we get the 
tractive effort per train, and the consequent mechanical and 
electrical power required to deal with one hours work. 
The work may, and of course does, vary from one hour to 
another ; indeed, that is clearly shown by Tables II. and 
Ш.; for instance, the trains passing Harpenden vary per 
hour from 7 to 16, and Luton from 7 to 10, but the section 
of line chosen may be regarded as a full line, a line well 
occupied by trains both night and day, Sundays and week- 
days. The returns show ап average of 1170 trains passing 
Luton and of 12:4 passing Harpenden, per hour. In 
taking an average, however, І have apportioned no less 
than 14 trains to the hour. This number divided between 
the four lines of metals gives a result of 3:5 trains per mile 
рег hour, рег line of metals. It may here, however, be as 
well to point out that, so long as the appropriated number 
o trains is fairly that in practice, the number applied is, for 
Comparison purposes, immaterial, for the comparison I draw 
i based Upon the train mileage cost. 
1118-11 illustrates the section of line under consideration. 
= Position. of engine-sheds is shown by stars (*) ; of 
b апе by dots (°). The short or suburban traffic 
: “ееп St. Pancras and Hendon, and the Tottenham line, 
йы, not included іп my schedules, for the reason that, 
tri ving the section of line as if actually subject to elec- 
ical Working, there would be little doubt that this imme- 
ate London-Suburban traffic would demand а generating 
Station nearer home than that indicated in the scheme I have 
Adopted as my basis for the comparison of costs for work- 
78 à 50-mile section of line. 
he Plant scheme is roughly outlined in Fig. 2. Midway 
6 50 miles of railway is the central station, containing 
OU 2,500 kilowatt, three-phase, or other characteristic, 
10,000 volt generators. At this pressure current is distri- 
uted to substations, each serving 10 miles of railway, 
Where the potential is converted to 600, from whence it 
1$ Carried to the contact-rail. Or the centre 10-mile section 
may be provided for by direct-current generators served 
from the same steam plant. 
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The efficiencies of the various parts are assumed as 
follows :— 


Loss. Efficiency. 
Per cent. 
Motors ... T iss 15 Т "85 
Ohmic loss in rails m IO -— "00 
Leakage ... is Т 21 .. "975 
Rotary converters st IO т "00 
Static transformers se 7 т 93 


Н.Т. transmission - IO О "00 


1900.) STEAM ВУ THE ELECTRIC LOCOMOTIVE. 185 


The total kilowatts required on the train-wheels (Table 
IV.) is 2,905 per hour, and the number of trains is I4. 


Therefore (2995) 207°5 will be the average kilowatts per 
train hour; and, assuming the efficiency of the motors at 
85 per cent., Ем 244 kilowatts will be the average power 


required to be supplied to each train. If now we allow 
10 per cent. loss in the rails which supply and return the 
current, а pressure of 540 only will be available at either 
end of a section of то miles. Therefore the amperes рег 


train that will be required will be er d 452. 
As there are 14 trains per hour in the total 50 miles 
section, there will be zT 2:8, say 3 trains in one section 


of ro miles to be supplied by one substation. 


452 X 3 — 1,356 amperes. 


Adding 23 per cent. for leakage, we have 1,390 amperes as 
the current to be supplied by each substation at боо volts. 

The efficiency of the converters and static transformers 
IS taken at, respectively, 9o per cent. and 93 per cent., and 
the three-phase transmission at 9o per cent. 

1,390 x 600 
` 1,000 X '0 X '93 X '9 
trains for each section containing 3 trains. 

Ав there are 14 trains, there will be 4 sections with 3 each, 
and 1 section with 2 trains. 

Now the 4 sections with 3 trains each would require— 


— I,107 k.w. to bedelivered to the 


1,107 X 4 = 4,428 kilowatts. 


To allow for the maximum loss let it'be assumed that 
the centre ro-mile section, which as previously indicated 
might be supplied direct at боо volts, is so dealt with, and 
that it is the section that has two trains only. 

The kilowatts required would equal— 


1,300 x 600 2 


I,000 х 3 = 556 kilowatts. 
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Therefore the total kilowatts to be generated would be— 


(4,428 + 556) = 4,984, say 5,000, 


and the combined efhciency (е я would be 58:3 рег cent. 


) 


This 5,000 kilowatts is the power required to be generated 
to work the 14 trains travelling 479 miles during the hour, 
as shown in Table IV., and upon it all comparative calcu- 
lations and deductions have to be based. 

The demand may, of course, go beyond this, or it may 
be less, but so long as the generating power, and that of the 
corresponding parts, is there to meet it, that branch of the 
question may be disregarded. Ав I have previously stated, 
the comparison is made between the ascertained quantities 
travelling a stated mileage at a stated speed. If the mileage 
were greater, or the number of trains greater, the comparison 
would be equally applicable. It is, in respect of the mileage 
result, immaterial, so long as we apply it to а fairly repre- 
sentative condition. The speed and the train load indicated 
in Table IV. will, I believe, bearing in mind that the number 
of trains are regarded as all carrying the full load indicated, 
be found to conform to this. 

A generating plant capable of an output of 10,000 kilo- 
watts 15, of course, ample to provide for a calculated demand 
of just half that amount. I adopt the following estimate as 
applicable to the prime cost :— 


Generating Station. 


Buildings, foundations, chimney stacks, 
“с. se Қ” see i ... £50,000 
Equipment, including steam units, 
boilers, coal conveyers, steam mains, 
condensers, pumps, &c. iss ... 200,000 
£250,000 


Substations. 


Buildings—5 stations... 10,000 
Equipment of ditto with transformers, 

converters, &c., delivering at 600 

volts, and all necessary fittings ... 70,000 
— {80,000 


1900.) STEAM ВУ THE ELECTRIC LOCOMOTIVE. 187 


Cables, including laying... ; ... £70,000 
Contact rail—200 miles (i.e., 4 roads of 
5o miles each) . ie se .. 70,000 
140,000 
Total capital outlay for generation and distri- 
bution of current s TA js ... £470,000 


The figures comprised within the two first items are 
practically those given by Mr. Parshall with reference to a 
somewhat similar plant, with the exception that the amounts 
have been increased to the extent of £15,000 for the gene- 
rating station equipment, consequent upon the adoption 
of a higher voltage; and £10,000 for generating station 
buildings to meet any advance of prices. £10,000 has also 
been added for independent transformer buildings. The 
cost of cables, including laying in position, is based upon 
the current demand and mileage. 

The hourly demand has been shown to be 5,о00 kilo- 
watts. The annual output for the section of line under 
consideration will therefore be this amount multiplied by 
the twenty-four hours per day, and 365 days to the year, 
у12., 43,800,000 kilowatt hours. 

On this basis I estimate the annual cost ior generation 
and distribution of current as shown in the annual column 
of the following table, from which, by dividing the sums 
there shown by the annual kilowatt output, 1 obtain the per 
kilowatt-hour charge. 

To the foregoing we have to add the cost for drivers and 
assistants in attendance upon the electric locomotives—per- 
forming practically the same duties as the driver and firemen 
in attendance upon the steam locomotive; together with that 
for repair and renewal of all machinery, including the 
locomotives. 

In his presidential address to the members of the Institute 
of Mechanical Engineers in +898, Мг. S. W. Johnson, the 
Locomotive Engineer for the Midland Railway, furnished 
valuable data in relation to the cost of moving railway trains. 
From this data I, by his courtesy, am enabled to furnish the 
details shown on Table VI. 
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TABLE V. 


ESTIMATED COST OF GENERATION AND DISTRIBUTION OF 
CURRENT. 


[Output, 43,800,000 kilowatt hours.] 


——————— ыс 
| | Per Kilowatt 


Details of Charges. Per Мишин, hour. 
: = | Pence. 
eo ee HEN ай | 
1. Capital outlay, £470,000. 
| Interest at 34 per cent. 1.0... .. 16,450 | оюк 
| pe Don LES 
2. Generating Station. 
Salaries and Wages :— £ | 
1 Chief Engineer ... ... 500 
1 Ássistant ditto € 250 
3 Switchroom attendants, at 
£150 each... js ... 450 | 
I Clerk. А 120 | | 
7 Engine- room attendants, at | | 
| 40s. each per week.. 728 | | 
| 7 Assistant ditto, at 358. each | 
| рег week  ... 637 | 
| I2 Stokers, at 30s. each per | 
week . 936 | 
| 15 Labourers “and Cleaners, | 
at 22s. each per week ... 858 
4,479 00245 
Coal. 
At 3'0 Ibs. of coal per kilowatt hour — | 23,345 01279 
58-660 tons, at 75. 1184. per ton ...) 
Water. 
At 25 lbs. per kilowatt Pu and 2а.) "e 
per 1,000 gallons is 6 913 MESS 
15 
3. Substations (5). | 28.737 ыы 
Salaries and Wages :— 
5 Assistant Engineers, at £200 | 
each ... 1,000 ` 
20 Attendants, at 405. еасһ рег | 
week. . 2,080 
20 Assistant ditto, at 358. each 
per week  .. . 1,820 
IO Cleaners, at 225. еасһ рег 
week . TM Те ... 572 
5,472 070299 
4. Outdoor Service. 
5 Rail-jointers and Fitters at qos. 
each per week ... 333 ... 520 
Material, “с. m 2 ... 230 
=== 750 0'0041 
5. Ой, Waste, and Sundries S. 2,000 00109 
T ON, ==. 
Total estimated cost of Generation and : 
Distribution of Current vs 0 436,959 02023 
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TABLE VI. 


STEAM LOCOMOTIVE CHARGES. 


та о ———— —— ы € - 
| Average Midland Railway Total Annual Locomotive Expenditure, &c., during Cost рег 
lile. 


| 24 years, 1873-96. ‚ Train 
ААА Ў DUM DU pU. M o ni anl dau e ama al БААУ IL рл 
Running Expenditure. & | Репсе. : 
Wages :—Drivers and Firemen ... P 358,635 | 2:650 | 
Cleaners, Coal men, &c. ... ies 94,422 ' 0698 | 
Water... — з sus - 28,575 120211 
| Oil апа Stores ... v a е M 44,842 0:331 | 
| Coal and Coke ... T nee " Шы | 289,595 ‚ 2139 | 
Total Running Expenditure ... , | £816,069 6029 | 
| Repatrs and Renewals. | 
| Wages ... 178,718 | 1'320 | 
Materials... 178,742 | r321 | 
Total Repairs and Renewals ... Ss bos £357,460 | 2:641 | 
Salaries ... MC 24,187 , 9179 
Turntables and Buildings 2,861 0'021 
Gas а амы l 9,868 | 9973 
| Gross Expenditure | £1,222,899 | 8:943 
| Tons of Coal and Coke consumed swe iu 727,889 
Cost per Ton бав T 5 bos ... 73. 1144. 
Train Mileage € M әш 5 ... 32,485,530 


This table shows that the average cost for twenty-four 
years, for drivers and firemen was £358,635, or 2:650 pence 
per train mile ; and that for repairs and renewals, £357,460, 
ог 2:641 pence per train mile. | 

. То arrive at the cost for drivers and attendants for the 
electrical locomotive, I might revert to Table IV. and deduce 
from it, at a given rate of wage per hour, for the number of 
trains occupying the line for that period, the kilowatt-hour 
cost, but this, it appears to me, would not be quite right. 
There can be no question that the cost incurred by the 
locomotive department is extremely heavy, but it is a 


_* Assuming the weekly wage of driver and fireman to amount to ninety 
shillings, probably an excessive sum, it would seem that the weekly mileage 
travelled would be but 407. If the wáge were seventy shillings, the mileage 
would be but 317. 
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charge incumbent upon the working of the traffic, and 
whatever are the conditions which militate against a reduc- 
tion in this charge with the locomotive department, 
presumably they would hold good against the electric unless 
the trafhc could, under the latter, be so facilitated as to 
enable it to be got through with greater speed, and less 
shunting. Itis not clear this could be done. | am there- 
fore, very reluctantly I must admit, obliged to adopt the 
extremely heavy cost incurred by the steam locomotive, for 
there would be very little, if any, difference in the rate of 
pay to the respective class of men. 

The repair and renewal of electrical machinery, whether 
in relation to the generating or the locomotive plant, should 
be considerably less than that of the steam locomotive plant, 
for the reason that there will be extremely few moving parts, 
while many small units, used for pumping and other like 
purposes, would be provided for from the central generating 
station at a less cost, or entirely abolished. 

The train mileage (Table IV.), run by the fourteen trains 
during one hour, is 479. Assuming that the cost attending 
the repair and renewal of the electrical machinery will be 
2d. per train mile, as against that for the steam locomotive 
power and works, viz., 2:641, we shall have a result of 071016 
pence per kilowatt hour. 

There is yet one more addition to make. The cables and 
contact-rail are peculiar to the electrical system. I do not 
include them in the above 2d. per train mile for repair and 
renewal of machinery. Having regard to the value of the 
recovered material, І assume 24 per cent. on the primary 
outlay will meet the renewal of cables, and 4 per cent. that 
of the contact-rail. This means 00240 pence per kilowatt 
hour. | | 

Table VII. furnishes all these items, against each of which 
is also shown the cost per train mile, 1.е., the cost per 
kilowatt hour multiplied by the total output, viz., 5,000 
kilowatts for the hour's work, divided by the train mileage 
worked during the hour, viz., 479. 
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TABLE VII. 
ELECTRICAL CHARGES. 


Cost in Pence, per Kilowatt Hour, and рег Train Mile. 


H 


Per Kilowatt , Per Train 


Locomotive drivers and assistants. [This item 


Hour. | Mile. 
| 
| Generating charges ... - 2 EE s 0'1574 1'643 
Sub-stations charges ... ws cae Қ © 00200 0312 
‚ Out-door attendance ... Vis ehe -— КІР 0'0041 0'043 
Oil, waste, and sundries  ... vds ees xus 0'0109 | O'II4 
| 
, is shown at the cost incurred under present 022538 | 20650 
' mode of working] - 2202.20.00.) 
| 
| Repair and renewal of machinery, motors, &c. ... O'I9IÓ | 27000 
Renewal of cables and contact-rail eae кр 070249 | 0'259 
| Total cost for power ара haulage ... p е: : 0°6726 77021 
| 
Interest at 34 per cent. on primary r outlay, viz., 5 0-одот | 0'941 
| 


£470,000 


Therefore, if my deductions are correct, it would appear 
that the cost of working by electricity as against that for 
the steam locomotive is, per train-mile, so far as the 
Midland is concerned, as 7:021 to 8:943 pence, being an 
apparent saving of 1:022 pence per train-mile, or £260,155 
on the average yearly cost for the 24 years indicated. 

А closer comparison of the chief items may help us to 
learn where and how so large a saving is effected. 

Coal stands in Mr. Johnson's data at 727,889 tons, at a 
cost of £289,595. Based upon the figure adopted by me, 
viz, 30 lbs. per kilowatt hour, the tonnage required is 
454,145, and the money 4180,712. The steam loco- 


‚ 5000 K.W. x зо 22. 32,485,530 X 31'315 _ 
паа ТМЗ T A AS 7 454,145 tons. 
12794 x 5,000 K.W. 513350734 рег Т.М. 


479 
32,485,530. Т.М. x 1°335¢ = £180.712. 
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motive consumes on the average 50:191 lbs. of coal per 
train mile. My figures place the quantity required for 
(5,000 x 3'0) 
479 
under this head is, therefore, 273,744 tons, which at 7s. 1134. 
will account for £108,927. We have to bear in mind that 
the calculation on which the cost of electricity is based 
makes no provision for shunting operations. It is based 
entirely upon the train mileage run. Shunting work is, of 
course, included in Mr. Johnson's figures, and will account, 
to some extent, for the difference. The main gain, however, 
Is to be found in the economy of a stationary, as against an 
itinerant generator, as well as in the fact that much coal 1$ 
consumed by goods and mineral trains when shunted, and 
by all trains when standing at stations, the whole of which 
would be saved if worked by electricity. 

With stationary engines a less expensive coal than that 
used for locomotives would be available, thereby effecting 
a reduction probably more than sufficient to meet the cost 
for shunting previously alluded to. It may be pointed out 
that coal is more costly at present. Such is the case, and, 
were my calculations based upon the present rate of coal, 
the result would largely enhance the advantage of electricity. 
Say, for instance, that coal stood at 10s. instead of 7s. 113d., 
the locomotive cost would be 727,889 tons at 108. = £363,944 
instead of £289,595. That for electricity would be 454,145 
tons at 10$. = (227,072, instead of £180,701. Тһе result 
would be that electricity would show, under coal at ros. а 
ton, a saving of £136,872 instead of £108,927, on precisely 
the same mileage, with a proportionate increased saving at 
prices ranging above that figure. 

The fact that dear coal enhances the comparative value 
of an electrical system—especially with the possibility of 
coal at a higher rate than 7s. 114d.—cannot be too strongly 
emphasised. 

Iater.—The steam locomotive calls for 5 28,573, or 0'211 
pence per train mile; electricity, £7,066, or "0522 рег 
train mile—a difference in favour of the latter of £11,507. 
It is difficult to attempt a comparison between the cost of a 
largely-scattered supply—water pillars at numerous stations 
—and a concentrated one— one to every 50 miles or so of line. 
The site for such a generating station would naturally be 


electrical energy at 31'315 lbs. The saving 
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selected with a view to cheap water supply, and, as a rule, 
no great difficulty would attend its selection. А further 
point to be borne in mind is that, naturally, all machinery 
would be of the most modern and economical type, and 
that the working would reach the highest ideal for an 
electrical plant, viz., ап actually constant and perpetual 
demand. 

Drivers.—It is quite clear that whatever may be the cause 
of the existing heavy charges, it will apply equally to electric 
as to steam locomotives. The engine must stand by its 
train, and the men along with it. Any reduction that may 
be effected will be in the mode of dealing with the traffic. 
The present condition, viz., that of a mixed traffic travelling 
at various rates of speed—one class of train being required 
to make room for another of a more important character—is 
not destined to effect economy in this branch of expense. 

Repair and Renewal.—1 have assumed that the cost ol 
repair and renewal would be practically Jth less with elec- 
tricity than steam. I think Iam more than justified in this. 
. The wear and tear of stationary engines, or motors, cannot 
possibly be so great as that of the steam locomotive. The 
number of electric locomotives would necessarily be as 
great, but their wearing parts would be immensely less, than 
those of the latter. Many local units would be entirely 
dispensed with. 

Oil and Stores forms a somewhat large item in the 
running expenses of the steam locomotive. Much of this 1s 
for the lubrication of moving parts which would be non- 
existent in electric engines. Moreover, with stationary 
engines it is possible to recover, and again use, а great 
portion of the lubricator employed. It would appear that 
considerable economies in oil should accompany the em- 
ployment of electricity. 


м 


We may now perhaps glance at possible economies оп 
that which is indispensable for the steam locomotive, but 
which is unnecessary, or not so largely necessary, with 
electricity. Water pillars, turntables, engine sheds, coal 
stages—all these are expensive items which with electricity 
are either not required, or capable of considerable modifi- 
cation. 
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Water pillars, supplemented in many instances by fixed 
engine-power for pumping the water into reserve tanks, 
involving power-houses, sheds, and other structures,. form 
part of all large stations and many other points at which the 
locomotive requires to take water. With electricity, water 
to any extent would be required only at that point at which 
the central generating station is placed. If this station 
served fifty miles of railway, then it would take the place of 
all the pumping plants, water pillars, &c., otherwise required 
throughout that section for the steam locomotive. Every 
pumping station involvesthe provision of labour, fuel, &c. All 
water pillars require special attention during hard weather. 
Economies in first outlay апа annual charges оп this 
account should accompany the use of electricity. 

Turntables would be unnecessary. The annual outlay 
for repairs in this respect is not great, but the cost of laying 
down the large turntables now required is very heavy. 

As the number of locomotives increase, so increases the 
demand for engine sheds. Electric locomotives would of 
course need housing as well as the steam locomotive, but 
the space which they would occupy would probably be 
about half that now required. 

Wherever we find an engine shed, there we see an area of 
land covered with coal; lines of rails applicable thereto ; 
coal-stages to which the coal has to be carried, and from 
which it has to be distributed to the locomotives. First the 
coal has to be stacked, then loaded into trucks and carried 
to the coal-stage ; and thence weighed and placed on the 
engine's tender. This is the course of procedure at each 
engine depot. If we compare it with the work of a large 
central station, such as that sketched out in this paper, 1 
think it will come home to us that although the work would 
be large, it could not be nearly so large as at present. 
lf stacking were at all necessary there would be the less 
quantity to stack, and it would all be dealt with in a more 
concrete form апа at comparatively few centres. Again, in 
this respect there is reason to look for economies in land, in 
buildings, and labour. 

All these are assets directly due to the employment of 
electricity. Others, not considered in the figures which 1 
have advanced, would, with its presence, be available : the 
lighting of the trains, stations, goods warehouses and yards, 
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marshalling grounds, &с. Signalling, to some extent, might 
become automatic; while at large centres where signal 
boxes have become both numerous and cumbrous, it would 
appear but reasonable that, with the aid of such a power, 
' points and signals might not only be actuated, but the 
means for operating them might be so condensed as to 
admit of the entire duties being embraced within such a 
space as would enable one man to deal with them. Labour 
and space would be economised, and less time would be 
occupied in giving effect to the various operations than is 
possible with the existing means. То this we may add 
that obviously it would also provide for the operation of 
lifts, and other local demands for power which at present 
have to be met by isolated plants. 


Let us now turn to what may perhaps be regarded as 
difhculties to be encountered. 

The first question that will arise will be :—Are we sate 
in placing so many of our eggs іп one basket ? With the 
steam locomotive we have a travelling unit which has to 
manipulate its own load and is in no way responsible for 
the duties of others. If it breaks down, the inconvenience 
is chiefly confined to the vehicles it is hauling, and in 
due course they are extricated from their difficulty by the 
aid of another engine. 

With electricity we are locating our power at one spot in 
so many miles of line, and if that breaks down that section 
of line is practically dead. But with the usual spare parts 
—the duplication, if necessary, of the generating units— 
there should be no reason to anticipate such a failure. The 
same argument in a measure applies to the power at the 
distributing stations. Here, however, the case may be met 
not only by duplication, but by, in emergency, connecting 
one section through to its neighbour. For the time being 
inconvenience would be felt ; speed would be reduced, but 
traffic would not be stopped. Of all this we have evidence 
in that which has already been done. We see railways 
being worked, tramways operated, and other large under- 
takings all dependent upon one large and central source for 
their life and being. Electric railways have become an 
accomplished fact, and we may turn to those that are in use 
as exponents of success or of difficulties to be encountered. 
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Does the magnitude of the question we are considering 
—the eventual supersession of the steam by the electric 
locomotive— remove it from the category of that which has 
so far been done? 1 think not. The basis is there. It 15 
to-day in useful operation. Improvements will come. The 
mode of working which we see to-day may, and probably 
will, be simplified, but this will only strengthen that which 
has already been accomplished. 

Still, there are points of great interest for consideration. 
As a rule, that which has been done has, with one or two 
exceptions, been. confined to underground lines, and these 
exceptions have not as a rule dealt with such heavy work as 
the large overland railways require to compass. Overground 
railways have to work through all kinds of weather—rain, 
snow, fog—and at times to pass over rails submerged іп 
water. Winter floods are not unusual in certain localities 
of nearly all overland railways. These are conditions which 
will atfect the construction of the locomotive, the arrange- 
ment of the current collector, and the contact-rail, and are 
subjects for thought not only in themselves but in relation 
to the mass of under-gear which now appertains to all 
passenger railway stock, as also to the relative position and 
construction of roads, their repair and renewal. 

A question may here intervene whether a similar economy 
would attend the operation of small branch lines of railway 
where the trains are few and far between. Consider! Why 
are the trains so few and far between ? Тһе traffic is, we 
will say, a fixed quantity. There are only so many tons of 
goods and so many passengers passing over it daily. The 
steam locomotive is available only at certain times, and to 
attain economy it is necessary that so many trips only 
should be made. Тһе accommodation is limited to this. 
But if the power for working the trains were constant, 
although reduced, any number of trips might be made. 
The additional cost would be that only of the driver, for 
the rest the branch would be no more costly, while the 
frequency of the communication would tend towards the 
development of the district, and the consequent increase of 
trade. 
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I have now, I believe, fairly set forth the salient features 
of this question. The data which I have produced speaks 
greatly in favour of electrical energy as a motive power for 
the movement of railway trains. Тһе economies which it 
would apparently effect are, indeed, so large as to raise a 
doubt whether my deductions—whether the figures 1 have 
adopted—are fair and reasonable. It must not be forgotten 
that my calculations are based upon a mileage run clear of 
stoppages or other contingencies. Stoppages are unavoid- 
able. They will arise, and provision must be made to meet 
them. But I find it difficult to identify them further than | 
have already done. Stoppages will not affect the coal bill. 
I have taken the present cost of drivers and firemen to apply 
to that for drivers and assistants for electric locomotives. 
My allowance for repair and renewal of machinery will, I 
think, be generally supported. Necessarily the subject has 
to some extent had to be dealt with more in the abstract 
than in detail, but I venture to hope my figures will not be 
found illiberal. We must not lose sight of the fact that the 
conditions are a constant load and continuous output for 
every hour of the year. I believe the cost of shunting at 
stations and in goods yards may be met by the economy 
attending the use of a cheaper coal than that which 15 
necessary for the steam locomotive; but assuming that some 
provision should be made for this, for administration and 
contingencies, I conclude that 20 per cent. (say £50,000) 
of the accredited saving will cover it. 

We thus bring the net annual advantage to approximately 
£208,124, and if we deduct interest on the primary outlay it 
will further reduce it to £191,674. Whether it is, in face of 
the savings to be affected in engine-sheds, coal-stages, water- 
cranes, &c., fair to make a debit in full of this amount, 1 
must leave those who are interested in the question to deter- 
mine. Broadly, it appears to me to mean this: that were 
a new company to start with electricity as their motive- 
power, they would not need to take into consideration the 
interest on the entire additional outlay, because they would 
save a great portion of it in other directions. 

But were an established company to adopt it, they would 
already have incurred the cost for the lands, buildings, &c., 
and {һе expense for establishing electric working would 
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unavoidably prove to them, for some years, an addition to 
their capital charges. 

Although I feel that my reason for pursuing such a course 
will be obvious, it may be desirable that I should emphasise 
the fact that my sole object in availing myself of the data 
afforded by Mr. Johnson's presidential address to the members 
of the Institution of Mechanical Engineers is that I might 
deal with data extending over a long period of years, rather 
than draw a comparison with a period which might be 
regarded as possessing some abnormal feature. It must, 
however, be noted that recent figures tend to greatly magnify 
the result. 1 have shown that, with electrical working, 
certain economies are to beanticipated. The annual amount 
of these economies 15 based upon the ascertained saving рег 
train mile, multiplied by the average annual mileage for the 
twenty-four years—viz., 32,485,580. The mileage for 1899 
15 45,453,438, and the expenditure 42,006,069, as against 
the twenty-four years’ average £1,122,899 ; and the train- 
mile cost has risen to 10750 as against 8:943 pence. 
Assuming that the saving per train mile remained the 
same—it would probably be larger, consequent upon the 
increased cost of coal—the resultant saving would be, 
independent of any deductions for interest or con- 
tingencies, £364,006. 

Large as is the apparent economy thus presented, it 
would, were it possible to employ a gas plant for so large an 
output, be increased by the use of the * Mond” gas system. 
Such a system would appear to invite. consideration, at all 
events, for smaller installations, as, for instance, for the 
operation of branch lines. 

Here it may perhaps be asked : What good can attend 
the production of these figures, or the results they advocate, 
seeing that the railway system generally is wedded to the 
steam locomotive? Is it probable that any railway company 
will cast on one side their present equipment for the purpose 
of taking up that, which, although holding out fair hopes 
of a large economy, is yet, 1n a measure, or in the large 
measure to which it would have to be applied, mainly an 
untried agent ? To this I reply: Railway companies are 
under the direction of business men—men who know the 
value of money. Satisfy them that economies are to be 
effected—and do not Jet us forget that the economies are 
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not confined solely to those with which this paper has 
dealt, but probably to many others indirectly associated 
therewith—and that the economy embraces a reliable means 
of working, and they will not be found undesirous of testing 
its worth. The life of a steam locomotive is not an indefinite 
quantity. Its replacement by one of more modern con- 
struction or of greater power, quite apart from its ultimate 
destruction by wear and tear, is an appreciable fact. As 
traffic increases, so additions have to be made. We see so 
many new engines ordered year by year. What is to prevent 
a railway company, instead of thus perpetuating its annual 
costs, setting apart portion by portion of their system for 
operation by electrical energy, and, instead of ordering for, 
say, that portion of their system, steam, to order electric 
locomotives ; and thus to bring, piece by piece, their entire 
system under electrical operation ? No sane railway manage- 
ment would do otherwise ; and I assume that, should my 
figures stand unrefuted, no railway company would desire 
to follow any other course. Prove its economy, prove its 
reliability, and there is nothing in the fact that railways are, 
for the time being, the slave of the steam locomotive, to 
militate against their supersession by electrical energy. 


That this paper deals with a problem which, sooner or 
later, will force itself upon the attention of all who are in- 
terested in railway progress, few will be disposed to dispute. 
Sofar it has been considered solely in the realm of economical 
working—in the interest of the railway shareholder. But 
are we justified in looking at it only from this standpoint ? 
Does it not embrace a question of still greater magnitude ? 
Is it not one of even national interest ? If, by the aid of 
clectricity, we can save no less than 18:876 Ibs. of coal рег 
train mile, it is clear we could save no less than three million 
fous а year? if all our railways were worked by that agency. 

View it again from still another standpoint. Twenty 
thousand locomotives moving about throughout the land 
cannot fail to leave their mark behind them. Our railway 


* 396,241,265 train miles x 18:876 lb. = 3,339,040 tons. 
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stations, the telegraphs which traverse the railway routes, 
the trees which grow on its borders, all bear evidence of 
their presence. 


The supersession of the steam locomotive by the electric 
locomotive will bring with it a purer and a more cleanly 
atmosphere—cleanly railway stations—cleanly railway car- 
riages—a higher and a purer sanitary condition of life. 


Mr. Mr. Mark RoBiNsoN : I am sure I shall not be accused of wasting 
Robinson. . н : à è А > 
the time of the meeting in compliments if I begin by expressing the 
view, which I believe all present hold, that this is a most interesting 
and valuable paper. It deals with a matter of the utmost importance 
to the country and to its industries. It is one we are all anxious 
to hear about, and it has been put before us in the most practical 
manner, by dealing with a concrete casc. Mr. Langdon's conclusions, 
even if we think some deductions should be made from them, cannot 
fail to be welcome to many in this room. He has not spoken 
as an enthusiast —scarcely as an advocate — and he has treated 
the subject with complete impartiality and moderation. Іп fact 
his almost excessive. moderation. is my excuse for attempting to 
criticise him, and for endeavouring to show that he has not made 
the best case for electricity which the circumstances, as given in his 
paper, admit of. Mr. Langdon proposes five sub-stations, each feeding 
ten miles of line, with a continuous current of боо volts. I have no 
wish, and do not propose, to question his scheme in these leading 
features: I only hope to show that, these being granted and his 
estimates assumed correct, a different arrangement of plant would 
lead to a great reduction in first cost as well as in working expenses. 
If his estimates are too high or too low, that does not affect my argu- 
ment, which relates only to comparative results, and might be based 
equally well upon any other figures. What I question is the need for 
the big central station which supplies the sub-stations, for I believe that 
2,000 kilowatts could be generated in each of the five stations as 
economically as 10,000 kilowatts could be generated in one large 
central station, or if not as economically, then so nearly as economi- 
cally that there would still be great advantage in working by the more 
numerous and smaller stations. The 10,000 kilowatts correspond to about 
16,000 horse-power, or say four engines of 4,000 H.P. each. It is com- 
monly believed that as engines attain to very large sizes they become 
much more economical, and it is probably Mr. Langdon's view that 
there will be such notable savings in coal and in other things as to 
justify the great cost of the cables leading to the sub-stations and the 
very serious losses which he foresees in transformation. I venture to 
assert that there is no such great economy in increasing the size of the 
engines. Itis reasonable to suppose that Mr. Langdon has turned for 
inspiration to the country where electric traction has received its 
greatest development, namely, America, where they believe very much 
in large stations. But in America only the slow-running engine is 
present to the minds of their engineers, and of such engines it is true 
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that economy improves with increase of size. It ought to do so, 
because the relation between the exposed surface in the cylinders 
(which is the immediate cause of condensation, the principal heat 
loss we have to guard against) and the volume of steam which the 
cvlinders contain becomes more favourable as the size of the cylinder 
increases. Really high-speed engines, which are chiefly used in 
this country and are practically unknown clsewhere, stand, however, 
upon quite a different footing. In them a new factor tending to 
economy comes into play, which has practically no existence in any 
slow-running engine, namely, the great shortening of the period during 
which the surfaces are exposed to the successive alternations of tem- 
perature. That is undoubtedly the chief reason for the remarkable 
economy of the English fast-running engines even down to very small 
sizes. In such engines, when you decrease the size, you are able still 
further to increase the speed and to further reduce the time of exposure 
of the surfaces, so as to more or less completely compensate for the 
increased condensation due to the worse ratio between the surfaces 
and the volume of the cylinder. In a slow-running engine the speed 
may also be increased as the size diminishes, but within far smaller 
limits, and the speed attainable with this type of enginc, however small 
the engine may be, is in no case sufficient to act materially upon 
economy. These facts, though apparently ignored out of this country, 
are established by trials and records well known to the scientific world, 
and I would apologise for bringing them forward in discussing a 
subject apparently remote from the merits of rival types of engines, 
if it were not that the capacity of one type, and of one type only, to 
give very economical results in moderate sizes goes really to the root 
of the question. Those who remember the remarkable figures obtained 
in the well-known experiments of the late Mr. Willans, may have for- 
gotten that the engine on which he tried those experiments, and with 
which he obtained a consumption of only 12% lbs. of steam per іп- 
dicated horse-power, was of до Н.Р. only. On the score, therefore, of 
steam economy there is no necessity to use very large engines, or 
to collect all the power in one great station; hence the main (high- 
tension) cables may be left out, and a great loss of energy, as well 
as first cost, avoided. To go to figures, I would first say that I have 
consulted several electrical engineers who have had experience of 
stations large and small, and they support my belief that stations of 
about 3,000 H.P. (the size of Mr. Langdon's substations) can be run 
at almost, if not quite, the same cost per kilowatt as a station very 
much larger. Each of the five stations would be a little smaller 
Шап I could wish; possibly four would give a better result, but 
even the suggested stations of 2,000 kilowatts each would contain 
three engines of 1,000 H.P. each, or four of 750, and I venture to say 
either of these would use as little steam per kilowatt as engines of 
any size ог type. They would certainly cost less for attendance, and 
the ойсе management expenses would in my opinion be no greater. 
Five such stations on the same line of railway, and connected by 
telephone, would be practically one concern, each separate station 
being merely a foreman's job. Тһе several stations would assist each 
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stations, the telegraphs which traverse the railway routes, 
the trees which grow on its borders, all bear evidence of 
their presence. 

The supersession of the steam locomotive by the electric 
locomotive will bring with it a purer and a more cleanly 
atmosphere—cleanly railway stations—cleanly railway car- 
riages—a higher and a purer sanitary condition of life. 


Mr. Mark Ковихзох : Г am sure I shall not be accused of wasting 
the time of the mecting in compliments if I begin by expressing the 
view, which I believe all present hold, that this is a most interesting 
and valuable paper. It deals with a matter of the utmost importance 
to the country and to its industries. It is one we are all anxious 
to hear about, and it has been put before us in the most practical 
manner, by dealing with a concrete case. Mr. Langdon's conclusions, 
even if we think some deductions should be made from them, cannot 
fail to be welcome to many in this room. Не has not spoken 
as an enthusiast — scarcely as an advocate — and he has treated 
the subject with complete impartiality and moderation. In fact 
his almost excessive moderation is my excuse for attempting to 
criticise him, and for endeavouring to show that he has not made 
the best сазе for clectricity which the circumstances, as given in his 
paper, admit of. Мг. Langdon proposes five sub-stations, each feeding 
ten miles of line, with a continuous current of 600 volts. I have no 
wish, and do not propose, to question his scheme in these leading 
features: I only hope to show that, these being granted and his 
estimates assumed correct, a different arrangement of plant would 
lead to a great reduction in first cost as well as in working expenses. 
If his estimates are too high or too low, that does not affect my argu- 
ment, which relates only to comparative results, and might be based 
equally well upon any other figures. What I question is the need for 
the big central station which supplies the sub-stations, for I believe that 
2,000 kilowatts could be generated in each of the five stations as 
economically as 10,000 kilowatts could be generated in one large 
central station, or if not as economically, then so nearly as economi- 
cally that there would still be great advantage in working by the more 
numerous and smaller stations. Тһе 10,000 kilowatts correspond to about 
16,000 horse-power, or say four engines of 4,000 H.P. each. It is com- 
monly believed that as engines attain to very large sizes they become 
much more economical, and it is probably Mr. Langdon's view that 
there will be such notable savings in coal and in other things as to 
justify the great cost of the cables leading to the sub-stations and the 
very serious losses which he foresees in transformation. I venture to 
assert that there is no such great economy in increasing the size of the 
engines. Itis reasonable to suppose that Mr. Langdon has turned for 
inspiration to the country where electric traction has received its 
greatest development, namely, America, where they believe very much 
in large stations. But in America only the slow-running engine is 
present to the minds of thcir engincers, and of such engines it is truc 
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that economy improves with increase of size. It ought to do so, 
because the relation between the exposed surface in the cylinders 
(which is the immediate cause of condensation, the principal heat 
loss we have to guard against) and the volume of steam which the 
cylinders contain becomes more favourable as the size of the cylinder 
increases. Really high-speed engines, which are chiefly used in 
this country and are practically unknown elsewhere, stand, however, 
upon quite a different footing. In them a new factor tending to 
cconomy comes into play, which has practically no existence in any 
slow-running engine, namely, the great shortening of the period during 
which the surfaces are exposed to the successive alternations of tem- 
perature. That is undoubtedly the chief reason for the remarkable 
economy of the English fast-running engines even down to very small 
sizes. In such engines, when you decrease the size, you are able still 
further to increase the ѕрсеа and to further reduce the time of exposure 
of the surfaces, so as to more or less completely compensate for the 
increased condensation due to the worse ratio between the surfaces 
and the volume of the cylinder. In a slow-running engine the speed 
may also Бе increased as the size diminishes, but within far smaller 
limits, and the speed attainable with this type of engine, however small 
the engine may be, is іп no case sufficient to act materially upon 
economy. These facts, though apparently ignored out of this countrv, 
are established by trials and records well known to the scientific world, 
and I would apologise for bringing them forward in discussing a 
subject apparently remote from the merits of rival types of engines, 
if it were not that the capacity of one type, and of one type only, to 
give very economical results in moderate sizes goes really to the root 
of the question. Those who remember the remarkable figures obtained 
in the well-known experiments of the late Mr. Willans, may have for- 
gotten that the engine on which he tried those experiments, and with 
which he obtained a consumption of only 12$ lbs. of steam рег in- 
dicated horse-power, was of 40 H.P. only. On the score, therefore, of 
steam economy there is no necessity to use very large engines, or 
to collect all the power in one great station; hence the main (high- 
tension) cables may be left out, and a great loss of energy, as well 
as first cost, avoided. То go to figures, I would first say that I have 
consulted several electrical engineers who have had experience of 
stations large and small, and they support my belief that stations of 
about 3,000 H.P. (the size of Mr. Langdon's substations) can be run 
at almost, if not quite, the same cost per kilowatt as a station verv 
much larger. Each of the five stations would be a little smaller 
than I could wish; possibly four would give a better result, but 
even the suggested stations of 2,000 kilowatts each would contain 
three engines of 1,000 Н.Р. each, or four of 750, and I venture to say 
either of these would use as little steam per kilowatt as engines of 
any size or type. They would certainly cost less for attendance, and 
the office management expenses would in my opinion be no greater. 
Five such stations on the same line of railway, and connected by 
telephone, would be practically one concern, each separate station 
being merely a foreman's job. Тһе several stations would assist each 


Mr. 
Robinson. 


Мг. 
Robinson, 


152 LANGDON: STEAM Г. ELECTRIC LOCOMOTIVE. (Хоу. 29th. 


other with current, and I should not anticipate any excessive changes 
of load in the separate stations as the trains passed from one section 
toanother. Only this week I have been engaged in designing a station 
which is to have some 10,000 H.P. in it, and it was actually found 
desirable for convenience, and for safety against breakdowns, to divide 
this large power into groups of plant, of course in the same engine- 
room. If those groups stood ten miles apart (all on sidings on the 
same railway) I do not think the inconvenience would be great. Assume 
that in each of the ten-mile sections a site can be found with good 
water supply, which perhaps is a large assumption, and that we install 
one-fifth of the-power there, and that all the stations, instead of one only, 
deliver continuous current direct to the rails. Let us assume that the 
five stations cost as much to build as the one big one (priced at £50,000 
in the table on page 136), plus the £10,000 which has been allowed for 
the five sub-stations ; they will then cost £60,000. I think that is a safe 
estimate, because very large stations increase rapidly in cost, owing 
to the great height of the buildings, the large span of the roofs, and the 
great power and weight of the travellers required. Assuming also that 
the £200,000 provided for gencrating plant is available and is sufficient, 
as I believe it would be, for the five smaller stations, then we should 
at least save the £70,000 allowed for the equipment of the sub-stations, 
for the transformers, and so on, and we should further save the £70,000 
put down for cables. That is £140,000 out of £470,000, and it brings 
our first cost down to £330,000. But in addition we should wholly save 
the 17 per cent. which is given us, at page 134, as the loss of energy in the 
rotary converters and the static transformers, and we further save the 
10 per cent. lost in the high-tension transmission. Hence the 1,107 kilo- 
watts required (page 135) to be delivered to cach section containing three 
trains, is reduced to 834 kilowatts, and the total is reduced from 4,984 
to 3,892 kilowatts, a reduction of no less than 22 per cent., involving also 
a reduction of 22 per cent. off the £260,000 we have allowed for the 
buildings and plant. This amounts to over £57,000, so that we really 
bring down this £470,000 capital charge to about £273,000, and we mav 
hope to save the same 22 per cent. upon the cost of running the plant. 
I am prepared to learn that there may be difficulties in finding five 
sites for stations conveniently placed on these five sections, with good 
water supply, so that cither from a reduction in the number of stations 
or from some being disadvantageously placed, something would have 
to be given back again in the form of increased cost for conductors ; but 
the total saving at our disposal is really so great that we can afford to 
deduct a good deal from it and yet show a very large gain. On rail- 
ways with a very light traffic spread over a long distance, or on 
Metropolitan lines where there would be a difficulty in getting sites 
for stations, high-tension transmission with transformers at the end 
may be perfectly right, but for railways in general that system ought 
to be the exception rather than the rule. There is another economy 
which Mr. Langdon, I am glad to see, has in reserve, namely, that 
when a railway becomes wholly electrical the passenger trains may be 
run upon the better system of having the motors on the axles of thc 
carriages, which for passenger trains gives many. advantages, and is 
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less hard upon the permanent way. I can only thank Mr. Langdon 
again for having given us such a very fruitful paper, and a paper which 
should set us all thinking. 

Мг. С. C. CUNNINGHAM: The extremely interesting and valuable 
paper that Mr. Langdon has read opens up, I think, a very fruitful 
subject for discussion. The question of the application of electricity 
to locomotion, to my mind, largely turns upon the question of the 
pounds of coal per ton mile. Some years ago I wrote a short paper, 
that was published in the Proceedings of the Institution of Civil 
Engincers, upon the subject of the consumption of fuel in locomotive 
engines on railways. That was at a time when I was in Canada as chief 
engincer of the Canada Southern Railway. This railway line is ex- 
tremely level, with very flat gradients—there are none more than fifteen 
fcet to the mile—and it is almost entirely free from curves. "There is 
one long straight section of fifty-three miles, joined by another long 
straight portion of fifty-four miles. Hence this line was perhaps the 
very best possible for doing work with a small consumption of fuel. 
Тһе goods trains on that line were therefore long, and were drawn by 
one engine. The consumption of fuel by these goods trains worked out 
at 0-15 of a pound of coal per ton mile. On the passenger trains, where 
a much higher speed was obtained, the consumption of coal was o'8 of 
a pound per ton mile. Now, of course, electrical railways present pre- 
cisely the same problem, the gradients of the line affecting the amount 
of power used. Тһе quantity of power is dependent upon the resist- 
ance of the linc—that is mainly on the gradients of the line. Оп the 
Liverpool Overhead Railway, which is practically a level line, I found 
in a paper, which was read before the Institution of Civil Engineers 
some few years ago, that the quantity of coal burnt per ton mile waso4 
of a pound. Оп the Central London Railway, of which we havc had a 
bricf experience—I hope you have all had experience of it—the quantity 
of coal, irrespective of that which is consumed for station lighting and 
lifts, per ton mile consumed in the power-house, covcring all losses in 
transmission and transformation and so forth, is о5 of a pound, as near 
as I can get it at present, per ton mile. Of course this is, as I say, de- 
pendent upon the amount of power used, and the amount of power is 
again a question of gradient. In Mr. Langdon's very interesting paper 
the question of power seems to have been assumed at some standard 
amount, irrespective of the gradients. The quantity of power used on 
such a line as the Central London, irrespective of the lighting and lifts, 
is something like 70 watt-hours per ton mile. But, as showing how 
very much this power varies with the gradients, I may say that on the 
Montreal Electric Railway, a line running through the streets, of which 
railway I was the general manager for some years, the quantity of 
power used was something like 300 watt-hours per ton mile. There, of 
course, the gradients were very severe, in some cases as steep as I in Io 
up stcep streets. It is therefore difficult a priori, until we know the 
character of a railway, to say how much power would be used on it. 
Of course, the cost of producing the power again depends upon {һе 
character of the power-house in which it is produced. In my own 
experience the lowest consumption of coal that I have known in pro- 
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ducing a kilowatt-hour is 26 pounds, and the lowest cost (1.е., shop- 
cost) that I have known is something slightly over a farthing, irrespec- 
tive of depreciation or interest on capital. But that I conceive is a low 
cost, and I do not know of any case in which it has been further 
reduced. The question of the application of electricity to railways is 
one, the development of which would be watched with very great 
interest by all those associated with electrical work. But I think it is a 
question that depends almost entirely on the construction of economi- 
cal power-houses and the economical distribution of the electrical 
current. 

Mr. C. A. Parsons: I think we are very much indebted to Mr. 
Langdon for bringing forward this most interesting and important 
subject at the present time. I may say that it seems to me that the 
subject has been treated on a thorough and systematic basis, and that 
the figures he has placed before us (as far as I can judge) err, if any- 
thing, on the liberal side. Тһе case might, I think, have been made 
out more favourable to the electrical running of trains, but Mr. Langdon 
has thought it wiser to allow a considerable margin. In the cost of 
generation of electricity, for instance, I think his figure of 3 lbs. of coal 
per kilowatt-hour errs on the liberal side, in view of the large scale of 
the generating plant. The question of generating from one central 
station rather than from a number of small stations connected by tele- 
phone, to which Mr. Robinson has alluded, is, I think, scarcely the point 
before the mecting this evening, but is more of the nature of a side 
issue. Тһе broad and important question is rather whether trains сап 
in general be propelled electrically on a large scale at anything like the 
cost of the steam locomotive ; and this, I think, has been conclusively 
shown to be the case by Mr. Langdon. It further seems to me that 
when the electrical system is worked out in practice there will 
manifest themselves many and unexpected economies which at the 
present time cannot be realised. The one great advantage of the large 
central stations and of high-tension, long-distance transmission, is, of 
course, the liberty which it affords to the designers of placing the 
stations in situations where there is practically free water in unlimited 
amount for condensingand also easy access for coal, and suitable places 
for the artisans to live. There is no doubt, from the experience I have 
had, that the larger the station the cheaper it can be run, in consequence 
of the greater developments in organisation, management, and ma- 
chinery which are economically possible in an undertaking of the 
greater magnitude. I think we are very much indebted to Mr. 
Langdon, and I may, perhaps, repeat that I consider the paper one 
of the utmost value and importance, and that it may assist towards 
the initiation of large developments in the application of electricity 
to the driving of trains. 

Mr. H. A. Hov: I have not had time to prepare many notes on 
Mr. Langdon's interesting paper, but I may say at once that I do not 
propose questioning any figures which the author has collected from 
Mr. Johnson's very able paper read before the Institution of Mechanical 
Engineers. I think locomotive men are practically unanimous with 
regard to any question that may arise out of those figures, but the little 
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study which I have given to the question of electric traction on rail- 
wavs leads me to fall in with the views which have been expressed Бу 
Mr. Mark Robinson with regard to the use of a direct current at say 
600 volts being fed to the main line in sections, and by smaller units 
than has been suggested by Mr. Langdon in his paper. І fail to see 
why any resort should be made to the use of large power-stations at 
infrequent intervals, entailing the usc of static and rotary transformers, 
although the efficiency of those transformers is as high as it can be 
hoped to expect of them. As Mr. Langdon points out, the loss of 
efficiency is very small, especially with the static transformers; yet 
to this must be added the loss of efficiency in one or more rotary 
transformers, which by reason of them being so made are necessarily 
less efficient. I suggest that the whole of this be saved by serving 
sections of railway with direct current from generating stations of a 
capacity suitable for the work to be done. Most of the members are 
aware of what Colonel Heft has done upon the New York, New Haven, 
and Hartford Railway of America. No attempt has been made there 
to introduce anything beyond what I have named, and the information 
that Г obtained on the ground was to the effect that any extension 
would follow on the same lines. I believe if a current was fed in the 
way indicated, a greater efficiency would result than that which is 
suggested in the paper. One reason lies in the fact that by relying 
upon large central stations at infrequent intervals there is not so much 
scope for taking advantage of suitable sites for obtaining water for con- 
densing purposes, which is a very important point, as indicated by 
Mr. Parsons. Тһе position of the central station as shown in 
Mr. Langdon's paper, viz., at Harpenden, about twenty-five miles from 
London, is not, so far as my knowledge of the geography of that part 
of the country extends, a suitable place for obtaining a large continuous 
supply of water for condensing purposes. It has occurred to me, and 
I think it relates to the question under discussion, that something 
further might be done than was suggested by Mr. Mark Robinsom— 
something on the lines of our friends in America, but not quite so 
much as has been done with the Heilman locomotive in France— 
namely, to have moving generating stations іп which the current is 
produced upon a vehicle and charged direct into the third rail, such a 
vehicle to be provided with a motor of only sufficient power to move 
itsclf at a moderate pace. Suitable engines of a high-speed type and 
generators would be provided, and the whole would form an clectric 
locomotive not necessarily to be used for tractive purposes excepting 
in the way I have indicated. The advantages, from a railway traffic 
manager's point of view, would be very great, because such moving 
electrical plants could be distributed where the greatest power is 
required, and thus gct rid of one disadvantage at least, viz., that of а 
fall of voltage duc to generators being so far away from their work. 
Мг. J. S. RawortH : We have the pleasure of seeing Mr. Langdon 
once more amongst us reading a paper. I want to say one word about 
Mr. Langdon's paper, and to call attention to the thanks that we owe 
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ducing a kilowatt-hour is 36 pounds, and the lowest cost (7.е., shop- 
cost) that I have known is something slightly over a farthing, irrespec- 
tive of depreciation or interest on capital. But that I conceive is a low 
cost, and I do not know of any case in which it has been further 
reduced. The question of the application of electricity to railways is 
one, the development of which would be watched with very great 
interest by all those associated with electrical work. But I think it is a 
question that depends almost entirely on the construction of economi- 
cal power-houses and the economical distribution of the electrical 
current. 

Mr. C. А. Parsons: I think we are very much indebted to Mr. 
Langdon for bringing forward this most interesting and important 
subject at the present time. I may say that it seems to me that the 
subject has been treated on a thorough and systematic basis, and that 
the figures he has placed before us (as far as I can judge) err, if anv- 
thing, on the liberal side. Тһе case might, I think, have been made 
out more favourable to the electrical running of trains, but Mr. Langdon 
has thought it wiser to allow a considerable margin. In the cost of 
generation of electricity, for instance, I think his figure of 3 lbs. of coal 
per kilowatt-hour errs on the liberal side, in view of the large scale of 
the generating plant. The question of generating from one central 
station rather than from a number of small stations connected by tele- 
phone, to which Mr. Robinson has alluded, is, I think, scarcely the point 
before the mecting this evening, but is more of the nature of a side 
issue. The broad and important question is rather whether trains can 
in general be propelled electrically on a large scale at anything like the 
cost of the steam locomotive ; and this, I think, has been conclusivelv 
shown to be the case by Mr. Langdon. It further seems to me that 
when the electrical system is worked out in practice there will 
manifest themselves many and unexpected economies which at the 
present time cannot be realised. The one great advantage of the large 
central stations and of high-tension, long-distance transmission, is, of 
course, the liberty which it affords to the designers of placing the 
stations in situations where there is practically free water in unlimited 
amount for condensingand also easy access for coal, and suitable places 
for the artisans to live. There is no doubt, from the experience I have 
had, that the larger the station the cheaper it can be run, in consequence 
of the greater developments in organisation, management, and ma- 
chinery which are economically possible in an undertaking of the 
greater magnitude. I think we are very much indebted to Mr. 
Langdon, and I may, perhaps, repeat that I consider the paper one 
of the utmost value and importance, and that it may assist towards 
the initiation of large developments in the application of elcctricity 
to the driving of trains. 

Mr. H. A. Hov: I have not had time to prepare many notes on 
Mr. Langdon's interesting paper, but I may say at once that I do not 
propose questioning any figures which the author bas collected from 
Mr. Johnson's very able paper read before the Institution of Mechanical 
Engineers. I think locomotive men are practically unanimous with 
regard to any question that may arise out of those figures, but the little 
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study which I have given to the question of electric traction on rail- 
wavs leads me to fall in with the views which have been expressed by 
Mr. Mark Robinson with regard to the use of a direct current at say 
600 volts being fed to the main line in sections, and by smaller units 
than has been suggested by Mr. Langdon in his paper. I fail to sce 
why any resort should be made to the use of large power-stations at 
infrequent intervals, entailing the use of static and rotary transformers, 
although the efficiency of those transformers 15 as high as it can be 
hoped to expect of them. As Mr. Langdon points out, the loss of 
efficiency is very small, especially with the static transformers; yet 
to this must be added the loss of efficiency in one or more rotary 
transformers, which by reason of them being so made are necessarily 
less efficient. I suggest that the whole of this be saved by serving 
sections of railway with direct current from generating stations of a 
capacity suitable for the work to be done. Most of the members are 
aware of what Colonel Heft has done upon the New York, New Haven, 
and Hartford Railway of America. No attempt has been made there 
to introduce anything beyond what I have named, and the information 
that I obtained on the ground was to the effect that any extension 
would follow on the same lines. I believe if a current was fed in the 
way indicated, a greater efficiency would result than that which is 
suggested in the paper. One reason lies in the fact that by relying 
upon large central stations at infrequent intervals there is not so much 
scope for taking advantage of suitable sites for obtaining water for con- 
densing purposes, which is a very important point, as indicated by 
Mr. Parsons. The position of the central station as shown in 
Мг. Langdon's paper, viz., at Harpenden, about twenty-five miles from 
London, is not, so far as my knowledge of the geography of that part 
of the country extends, a suitable place for obtaining a large continuous 
supply of water for condensing purposes. It has occurred to me, and 
I think it relates to the question under discussion, that something 
further might be done than was suggested by Mr. Mark Robinsom— 
something on the lines of our friends in America, but not quite so 
much as has been done with the Heilman locomotive in France— 
namely, to have moving generating stations іп which the current is 
produced upon a vehicle and charged direct into the third rail, such a 
vchicle to be provided with a motor of only sufficient power to move 
itself at a moderate pace. Suitable engines of a high-speed type and 
generators would be provided, and the whole would form an clectric 
locomotive not necessarily to be used for tractive purposes excepting 
in the way I have indicated. The advantages, from a railway traffic 
manager's point of view, would be very great, because such moving 
electrical plants could be distributed where the greatest power is 
required, and thus get rid of one disadvantage at least, viz., that of a 
fall of voltage due to generators being so far away from their work. 

Mr. J. S. RaAWORTH : We have the pleasure of seeing Mr. Langdon 
once more amongst us reading a paper. I want to say one word about 
Mr. Langdon's paper, and to call attention to the thanks that we owe 
him for the industry and perseverance with which he puts these papers 
before us. : 
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I have followed Mr. Langdon's figures pretty closely, and mine do 
not come out quite the same as his, but it will be better if criticisms 
come from our side rather than the other. The President has very 
properly called on the locomotive superintendents present to come 
forward, and I have been wanting the man to come forward who would 
say that Mr. Langdon is all wrong, and that his suggestions could not 
be carried out, for we would at once refute his arguments. I have 
looked over Mr. Langdon's figures, and on Table II. he says that the 
maximun number of trains per hour passing through Luton is sixteen, 
but in the column on the right-hand side you will find there are 
nineteen. Then you find in Table III. that ten trains more go through 
Harpenden per dav than through Luton, but thcy are, curiously 
enough, all light engines. I do not know whether Mr. Langdon will 
be able to give us an explanation of the fact. When we come to a cal- 
culation of the power required to drag trains from London to Bedford. 
I am sorry to say I have not been able to follow Mr. Langdon quite 
clearly through his calculations. He has adopted a nomenclature of his 
own, and though I have succeeded in mastering it to some extent, I 
thought it better to recalculate the whole from the beginning. Оп Mr. 
Langdon's figures I took out the total foot-pounds that would be 
required to drag the 287 trains over the fifty miles in twenty-four 
hours, and then I have divided that out and brought out the total result 
at 7,380 kilowatts, with an average of twclve trains per hour. Then pro- 
viding for a possible maximum of sixteen trains per hour, not nineteen, 
and allowing 600 kilowatts for acceleration, with four stops on the 
average in the distance, I find that the total kilowatts required is 9,550. 
which shows that Mr. Langdon, after all, is not such a bad guesser in 
fixing the power of the station at 10,000 kilowatts. I do not think we 
shall grumble at Mr. Langdon because he has allowed a fair margin that 
will cover any method of calculating the results, because it must be 
clearly understood that results cannot be found out exactly ; they must, 
in every case, be subject to a certain amount of guess work. For 
nstance, Mr. Langdon's formula of the tractive power per ton is 

V1 
3t 250 | 
once, and I think there must be some little error іп the formula of 
Mr. Langdon's, because you will observe that if we only went one mile 
an hour we should have no more force to push the train than 3 Ibs. 
per ton. 

Мг. Гахорох : I should have mentioned that the formula is not 
applicable under five miles an hour. 

Мг. RawonTH : I give in at once. There are one ог two points in 
Mr. Langdon's calculations in which, I think, he has in his usual kind 
manner given the benefit to the steam locomotive. In the first place he 
has taken the expenses for the last twenty-four years of the steam loco- 
motive, and he has taken expenses for the present year with the electric 
means of propulsion. You will readily imagine that this is very much 
in favour of the steam locomotive. I think a few vears ago the loco- 
motive took from 29 to 30 lbs. of coal per ton-mile; now it takes from 
50 to 51 lbs. А few years ago wages were very much lower than they 
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аге now. We have to pay on the higher scale, whereas the calculation 
is made upon the lower scale. 

Mr. Н.А. Mavor: We are all very much indebted to Mr. Langdon 
for bringing this paper before the Institution. What I wish to say is 
that, if agreeable to the Council of the Institution, we of the Glasgow 
section would like the discussion kept over until after the rath of 
December, so that we may arrange to have a full discussion of the paper 
to be embodied in the Transactions of the Institution. We have in the 
north a large number of very highly skilled locomotive engineers who 
are able to discuss the question, and we hope that our contribution to 
the discussion will be worth recording. Under these circumstances I 
will not take up more time in discussing the question now. 

Colonel R. E. CRoMPTON : I am, unfortunately, not prepared to do 
justice to this most interesting paper, as I intended to speak during the 
adjourned discussion, but an engagement prevents me from doing so. 
I must, therefore, confinc myself to a few words this evening. 

This is a case where the importance of the matter calls for the very 
best opinions of the electrical world, and I hope that these will be 
given very freely during the discussion. 

I am particularly appreciative of this paper, as I have designed an 
electrical railway 160 miles long worked from three stations approxi- 
mately 40 miles apart. This is a Trans-Himalayan line, and to be 
worked by water-power. In the course of studying the project, it was 
necessary to prepare data very similar to those given in Mr. Langdon's 
ТаЫе IV. If I had had that table before me it would have greatly 
facilitated my labours. It happens that I did prepare my time-table of 
trains on lines very similar to those followed by Mr. Langdon. One of 
the first points which I have noticed is the extraordinary discrepancy 
between the horse-power taken by the trains, as calculated for in 
column 4, and the actual horse-power of the locomotives when working 
to their maximum efficiency ; in fact this descrepancy at once excited 
the interest of us clectrical engineers, who have so long been accus- 
tomed to talk about the load-factor of our steam engines, and the effect 
that it has on their economical efficiency. It is evident that the com- 
paratively small load-factor of a steam locomotive working an ordinary 
railway is most probably one of the causes why the locomotive which, 
taken as a whole, i.c, boiler and engine together, ought to be an 
economical machine, is not in practice found to be really economical. 
This small load-factor also explains why the introduction of compound 
steam locomotives has been so delayed, and its economical advantages 
are сусп now disputed by some locomotive engineers. 

Mr. Langdon shows, and it is evidently the case, that the substitu- 
tion of fixed stations, from each of which the power required for several 
trains would be supplied, must be a means of improving the load- 
factor of the generating plant which supplies that section of the line. 

Turning to another point, that of the wages, which Mr. Langdon 
shows 15 a very important item in the cost of working steam locomo- 
tives. I do not think he is quite fair to the electric locomotive when 
he dcbits it with the same wages as the steam locomotive. No doubt 
he is wise tn thinking that at first there would be no great saving on 
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| this head, and that if the directors of ап electric railway attempted to 
Crompton, : 


economise in this direction the public would be alarmed, and would 
imagine that unskilled men were emploved. But I wish to point out 
that the drivers of steam locomotives are exceptional men and have to be 
paid an exceptionally high rate of wages, because they are not only 
men of great nerve and judgment, as regards the mere driving of their 
trains, observing signals, and other matters which affect the safety of the 
travelling public, but they have to combine with this a highly skilled 
training in the mauagement of the locomotive as a power-producing 
machine. I refer, of course, to the best methods of working the steam, 
times of firing the boiler, and other things necessary to get the highest 
duty out of the boiler and steam engine. Now the driver of the 
сіссігіс locomotive need only be skilled in the first part of these duties, 
and this fact alone ought to reduce the rate of wages paid. 

I will touch on another point, and that is the question of repairs of 
the locomotive machinery, I think these will be far lighter in the case 
of the electric than can ever be the case with a steam locomotive. For 
instance, the points at which wear takes place to the greatest extent, 
and which cost most to repair and keep in order, are the sliding surfaces 
exposed to the weather, dust, mud, rain, etc. ; these sliding surfaces, such 
as those of the piston-rods, guide-bars and links of the steam locomo- 
tive, are absent in the clectric locomotive. The friction surfaces of the 
electric locomotives are confined to journals, and these can be far more 
easily protected from the weather than the sliding surfaces. Again, 
the locomotive boiler, excellent though it be, costs far more money to 
maintain than the stationary boiler of the electric system. Арап, 
I think that the substitution of driving bya large number of axles on the 
train will greatly reduce the weight on these driving-wheels necessary 
to obtain adhesion, and this will very greatly reduce the cost of renewal 
of the permanent way. 

While on this matter, I must point out that Mr. Langdon has not 
made a point for the clectric system which he might have made. 1 
think there are signs that in the future our steam locomotives will be 
overloaded, 1.в., they cannot be made big enough and powerful enough 
to haul the traffic at the required speed; they are limited by the 
gauge, position of platforms, bridges, etc. Already in some cases the 
diameter of the driving-whecls must be reduced in order to get in over- 
hanging boilers, so that some modern locomotives are becoming like 
camels (at least, I think that this is what locomotive enginecrs аге 
calling them). 

Again, they are limited in length by the existing turn-tables. АП 
these аге signs that the steam locomotive power has reached its limit, 
and it is only by distributing our motive power over a considerable 
proportion of the train itself that we can increase the driving power 
and hence the speed. I think this is a strong argument in favour of 
the introduction of the electric system. 

Chairman. The CHAIRMAN announced that the scrutineers reported the 
following candidates to have been duly elected :— 
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Members : 
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Associate Members : 


James Anderson. | Arthur Woodrofte Manton. 
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Harry Watkins Kimber. Arthur Henry Pook. 
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Students : 
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The Three Hundred and Fifty-Third Ordinary General 
Meeting of the Institution was held at the Institution 
of Mechanical Engineers, Storey's Gate, Westminster, 
on Thursday evening, December 6th, 1900, Professor 
JOHN PERRY, F.R.S, President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
November 29th, 1900, were read and confirmed. 


Donations to the Building Fund were announced as 
having been received since the last meeting from Mr. 
A. T. Snell and Mr. T. Mills, to whom the thanks of the 
meeting were duly accorded. 


Messrs. H. L. Leach and W. H. Merriman were appointed 
scrutineers of the ballot for new members. 


RESUMPTION OF DISCUSSION ON PAPER BY MR. W. 
LANGDON, VICE-PRESIDENT, ON THE “ SUPERSESSION 
OF THE STEAM BY THE ELECTRIC LOCOMOTIVE.” 


Мг. Ковевт Наммохр: I think we must all be struck in reading 
this most valuable paper of Mr. Langdon's at the immense new field 
which he is opening out for the young as well as the old electrical 
engineers. One cannot help, when viewing this vast field, being 
reminded of the great achievements that our modest force of elec- 
tricity has made in the past. АП must have enjoyed the speech made 
by Sir William Preece in the discussion on Mr. Gavey’s paper, when he 
pointed out that more than twenty-five years ago the Institution mar- 
velled over the great discoveries that were being made іп the application 
of electricity to the telegraph, and how every new invention succeeded, 
by the utilisation of the wires then in existence, in very greatly enlarging 
the power of the electric telegraph. I was not a member of this Institution 
in those days, but I can quite accept Sir William Preece's account. It is, 
however, within my memory, and within that of many in the room, that 
our members generally were astonished to know that electricity was 
going to compete for lighting with the great gas industry. When the bold 
conception was started that we should be able to distribute electricity 
from a centre and usc it for lighting our houses, those of us who were 
pioneering that movement were much scoffed at. Well, the онгла] 
of Gas Lighting notwithstanding, we have lived through that period, 
until we are beginning to consider that it is a matter of astonishment 
that there is still a gas light in existence. Then some few said, . If we 
can distribute energv for doing away with gas lighting, why not dis- 
tribute it for {һе utilisation of our factories ?" and last year we have 
seen the first great step that has been made in the passing of those. 
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important power Bills. It is now within the power of some very 
eminent financiers in different parts of the country to show the faith 
that is in them and to distribute power from a centre for utilisation in 
great factories; and if all the anticipations of those various groups 
of financiers are realised, electricity will come in touch with every 
industry in the land. Then, finally we have Mr. Langdon in a most 
painstaking and valuable paper pointing out to us that there is still 
another field for the electrical engineer, namely, the supersession of 
the steam locomotive. There have been some very bold conceptions 
put forth at meetings of this Institution; but to me, as a constant 
railway traveller, there hardly seems a happier suggestion than that we 
should do away with the period when we ride behind a chimney and 
get so uncomfortable and covered with dust and dirt, just in the same 
way as we formerly were content to be illuminated at night with a 
light that was competing with us for the oxygen which is necessary for 
hte. Mr. Langdon comes before us with a paper that docs not deal in 
generalities. We are all indebted to Mr. Langdon for the paper, because 
he not only shows that such a thing is in his opinion possible, but he 
also shows from beginning to end how such a thing can be carried out. 
He does not hesitate to suggest certain methods of generation and dis- 
tribution of clectrical energv. He sets out the capital outlay which his 
scheme will cost. He deals with an actual fifty miles of line. He goes 
into the question of how he would place his sub-stations, his primary 
and his secondary voltage, and he works out the capital cost. That 
seems to me a very practical way of dealing with a paper of this kind. 
Finally he compares those: costs with the costs that are, and have been 
for so many years, dulv recorded by the steam railways, and he shows 
that on the average cost of a large number of years he is prepared to 
show a saving of over a quarter of a million. In taking the average cost 
over a great many years he has taken a figure which is really unfavour- 
able to his argument, because it is well known among railway men that 
costs have tended to increase. Mr. Raworth, in a particularly happv 
speech at our last meeting, deprecated a criticism of the details of Mr. 
Langdon's scheme, and begged us to confine oursclves to the financial 
aspect. Of course it is manifest to us that, as far as the actual directors 
or railway shareholders are concerned, they care little about the methods, 
and they will adopt this new plan or not accordingly as it will increase 
ог make more certain their dividends. But I cannot follow Mr. Raworth 
in his suggestion that the proper way of dealing with Mr. Langdon's 
paper is to deal with it only as a question of principle. He has laid before 
us а certain scheme. Мг. Mark Robinson, for instance, in opening the 
debate, ventured to point out that in his opinion, instead of have one 
central station, economy might be obtained by having some five central 
stations ; and I think it would be the best compliment we could pay to 
Mr. Langdon, and would lead to the most practical outcome of this 
debate, if we discuss the details of this paper somewhat instead of con- 
fining ourselves to the general principle. The two main points of Mr. 
. Langdon's paper which we, as engineers, should consider may easily be 
. summed up. Тһе first is, Is the plan of running full-gauge railways by 
electricity feasible? and secondly, Are the estimates that he lays before 
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us in connection with this scheme sound or not? First, with regard 
to the feasibility. I think we may unhesitatingly let it go forth as the 
opinion of this Institution that that plan is feasible. Ithink we have 
sufficient data before us to sav unhesitatingly that full-gauge railways 
can be run bv electricitv, and we are encouraged to sav that because it 
is actually being done at the present moment. For the past eighteen 
months а line has been running, as many members know, from Burg- 
dorf to Thun—a full-gauge line which was formerly worked by steam 
locomotives, and is now being worked bv electric locomotives. That 
line has a length of about 25 miles. Comparing it with the plan laid 
before us by Mr. Langdon, I may recall the fact that the primary 
voltage there is 4,000 volts, and the secondary voltage is 750. И is 
4,000 volts at the generating station, raised up to 16,000, and then it is 
lowered down to 750 on the 3-phase system. In addition to that line, 
there is another very much larger line. Aline is being put down by the 
Shuckert Company and Ganz Company of Buda-Pesth for about 70 miles, 
and it will, when it reaches Milan, be r10 miles long. On the Burgdorf- 
Thun line the sub-stations are placed at distances of two miles apart, 
whereas on the Northern Italian line they are at distances of 10 miles. 
There the extraordinary plan is being introduced of running with a 
primary voltage of 20,000, and reducing it only to 3,000 on the motors 
on the car. When I was in Buda-Pesth a short time ago, I had the 
pleasure, in company with Mr. Blathy, of running over the trial 
portion of the line. They have laid down an actual track and are 
running cars upon that line, where the primary voltage is 20,000 and 
the secondary voltage in the car is 3,000. 

With regard to the figures, I have gone very carefully through them, 
and I consider the estimates of working costs are sound. І consider 
that the points thrown down by Mr. Robinson are worthy of considera- 
tion. We must remember that thetwo lines I have referred to go from 
a central station, because at the central station there is water.. Our 
problem in England differs from the problem in almost every part of 
the world in that we have coal apparently at 7s. 1144. per ton, which 
can be easily taken to the point where it can be best used. 

The PRESIDENT: Before calling on Professor Forbes, I will ask the 
Secretary to read а letter received from Mr. Hoy, the locomotive super- 
intendent of the Lancashire and Yorkshire Railway, who spoke last 
week. 

Mr. H. A. Hoy (communicated): I should have liked an opportunity 
to point out to Mr. Langdon a misconception on his part which occurs 
on page 142, in which he says : * The main gain, however, is to be found 
in the economy of a stationary, as against an itinerant generator, as well 
as in the fact that much coal is consumed by goods and mineral trains 
when shunted, and by all trains when standing at stations, the whole of 
which would be saved if worked by electricity.” 

I beg to say that this is not so; in fact, very much the reverse. 
Mr. Langdon's stationary engine would be continually revolving, and 
coal will be consumed to produce these revolutions, although it mav 
not be doing anv legitimate work. Оп the other hand, with a loco- 
motive the moment it comes to a stand the wheels cease to revolve, 


1900. j DISCUSSION. 163 


and the consumption of fuel in the firebox is a negligible quantity, and 
the conditions of economy are more favourable than those which take 
place in the domestic fire-grate. An engine driver who knows his 
business, when he is put into a siding or when he stops for any length 
of time, closes his damper and opens the firehole door, thus preventing 
all draught from passing through the gratc, a course of treatment 
which, if continued, would result in the fire going out altogether. 

The amount of power derived from the coal consumed in a loco- 
motive firebox of limited area is so great that the fire is most sensitive 
to the fluctuations of load, hence the economy ; whereas in the case of 
fuel being burnt in large stationary boilers, the effect upon the fire 
when the load on the stationary engine alters from maximum to 
minimum at intervals is not noticeable. Again, for the same reason, 
due to this elasticity of generative power, a large amount of coal is 
consumed in getting up steam and a proportionately large amount of 
fuel wasted if the load unexpectedly goes off for a considerable period. 

Professor С. ForBES: I have very little to say, and that may make it 
appear that I seem to be critical. I do not want my remarks to be 
considered in that light. Practically my criticism would amount 
almost altogether to this: That this is hardly a paper to be brought 
before this Institution; it is of too general a character. It evidently 
has not been worked out in its full details. The various methods by 
which the work could be done have not been considered, nor have the 
details of cost Бесп at all accurately gone into. It does not matter in 
the slightest that the result obtained with a stationary engine is cheaper 
than with a locomotive, which is practically the result arrived at in this 
paper. АПТ wish to say is that if Mr. Langdon had read this paper 
before the Society of Arts, or before some popular audience, or had 
published it in some more popular form, it would have deserved 
approval in every way, because it draws attention to a subject which 
has been interesting engineers for a large number of years, and which, 
although not novel to those who happen to be engaged in those 
subjects, is novel doubtless to a large number of people generally 
interested in the matter. I have said that the subject is an old one 
which is well known to all those who have been engaged іп discussing 
the question of the electric working of railways. И, in elucidating this 
point, I draw attention to the work that I have done myself on the 
subject, it is not in the least with the idea that I stand alone. The 
particular point that has been raised to-night in Mr. Langdon’s paper 
has been common conversation among us all for the last quarter of a 
century. You will find that the only facts in the paper before us that 
have not been available for everybody who has been discussing the 
question for the last quarter of a century are the number of trains that 
are passing two stations on the Midland Railway. The whole of the 
rest of the facts are perfectly accessible to everybody who has been 
discussing the question. And here let me point out, while alluding to 
those two stations, that Mr. Langdon has chosen the most favourable 
instance that was within his cognisance to illustrate the electrical side 
of the question. A most important point has been drawn attention to 
in the letter which has just been read to you, namely, that no such 
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system for supplying electric power from central stations can, in the 
nature of it, pay its dividend on the capital invested unless you have a 
continuous service of trains. If you are going to have only a train or 
two an hour, or a train every two hours, the stationarv engine loses a 
great deal of its benefit during the idle moments. I will just give you 
some idea of how people have been working on this subject for many 
years. I do not in the least wish to push myself forward as having 
done anything in the matter, but I have taken a note of the things 
which I happen to have been at work on in connection with the 
subject. I first drew attention to the desirability of introducing 
electric traction on lines of railway in a lecture at Glasgow in 1870. In 
1881 I communicated to the Times an account of the same thing, while 
in the following year, before the Society of Arts, I drew attention to 
the same subject. Continually from that time onwards myself and 
others who are interested in these matters have been discussing this 
problem, and they long ago arrived at the conclusion which is con- 
tained in this paper, namely, that a stationary engine uses less coal than 
a locomotive engine. After that, it has happened that in the ordinary 
course of one's profession I have been obliged to investigate verv 
closely the diferent methods by which.such a service can be given. 
At the time when the City and South London Railway was started, Mr. 
Greathead invited me to report on the different methods in which that 
railwav might be run. You remember it was originally intended for a 
cable railway, and that was the first practical case which I had to deal 
with in which figures of cost and working expenses were wantcd. 
Subsequently I did in a rough sort of way do something in the United 
States dealing with the same question. During the years 1897-98 I 
was employed by the Egyptian Government in surveying and reporting 
upon the capabilities of the Nile cataracts. Lord Kitchener, then Sir 
Herbert Kitchener, the Sirdar, consulted me about his desert railwav 
from Wady Halfa to Abu Hamed. I pointed out to him that after the 
first 100 or 150 miles had been laid, out of every four trains which he 
would be sending from Wady Halfa to railhead, three trains would be 
carrving nothing but water and coal, and I suggested to him the desira- 
bility ot introducing stationary engines at Wady Halfa, and laying down 
wires to work electric locomotives to carry materials for construction. 
He thoroughly appreciated the idea, and would undoubtedly have 
carried it out, but time was pressing, and it was impossible to get 
materials for this work quickly enough. At the same time, while I was 
engaged upon this service, Sir William Garstin, Assistant-Secretary of 
Public Works, asked me to pay attention to the feasibility of working 
the Nile railways by electricity. In that case I had to go extremely 
fully into the details of capital expenditure and working expenses. I 
have had to work on the conditions of other railways in ditferent parts 
of the world in the same way. In 1897 the editor of the Engineering 
Magazine, whom Г had not communicated with, happening to know 
that I had done something in this way, asked me to write an article for 
that magazine, and I wrote a very popular general account of the work. 

“The conclusions derived from study extending over many years 
are as follows :— 
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** (1) In cases where water power is always available within a few 
hundred miles of a trunk line of railway, it is probable that economy 
would be served by introducing electric traction. 

“ (2) In the сазе of an independent system of railway to be con- 
structed in a new country utterly unaffected by the traffic from steam 
railroads, power can be applied to every axle of the train ; wherefore it 
will be economical in such a case, in construction and in operation, to 
use electric propulsion in preference to steam. 

** (3) For desert railways, where water cannot be obtained, clectric 
traction is eminently suitable. 

* (3) In underground railways, such as the Baltimore Tunnel and 
the London underground system, where economy is not so important 
as convenience and comfort, electricity must be emploved ; and, where 
such railways are to be constructed, economy makes electricity 
advisable. 

** (5) In cases of suburban traffic electricity would help to overcome 
the competition with street railways by supplying the public with 
separate and independent cars running at very frequent intervals on a 
well-maintained track.” 

That is really the same result that has been arrived at by Mr. 
Langdon and by many others in looking into this question. Mr. 
Hammond has said that one ought to look into the question of the 
details of the scheme which Mr. Langdon has put before us. I do not 
think Mr. Langdon would claim to have gone really into all the 
different ways in which this could be done, otherwise I would criticise 


the paper very severely. At any rate, I would put forward very opposite’ 


opinions to those which are contained on page 133 :— 

* Midway in the fifty miles of railway is the central station, contain- 
ing four 2,500 kilowatt, three-phase, or other characteristic, 10,000 volt 
generators. At this pressure current is distributed to sub-stations, each 
serving ten miles of railway, where the potential is converted to 6oo, 
from whence it is carried to the contact rail. Or the centre ten-mile 
section may be provided for by direct-current generators served from 
the same steam plant." 

I can only say there is not a single item there which seems to me to 
be the right thing for the purpose. І know it is not fair to state things 
in that general way, but if I were to go into the whole methods by 
which I consider that such a railway ought to be worked, it would take 
up far too much time, and would be the result of much more laborious 
calculation than the paper itself has been. I wish also to say, since 
Mr. Hammond has said we ought to go into the details a little, that I 
have looked into some of the figures to a slight extent. I have looked 
into the £70,000 that he is going to spend on his go and return rail. 
АП that is based upon 600 volts pressure, upon a distance serving five 
miles from each sub-station, and the general result 1 get at is that, if it 
is copper, 6'6 square inches would be required to give 10 per cent. drop 
at the midway point, which I understand is what he wants. In that 
case the total expense on the low-pressure conductors, if I have under- 

stood the paper properly, would be £330,000 instead of £70,000 ; but I 
тау have misunderstood some point in the paper, and therefore I will 
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not say more. I am afraid that I have seemed more critical than I 
really wanted to Ъе. If this paper had been simply a general paper to 
the public at large, I have already said it would be a most admirable 
paper, most beautifully put and expressed, but as there is nothing in the 
paper that has not been better done before, I hardly think it has gone 
into sufficient detail, or is sufficiently definite for the Institution of 
Electrical Engineers. | 

Мг. Е. НсрьЕзтох: I hardly agree with the last speaker that it 15 
unnecessary to deal with details in these matters. I think the chief 
points that one can deal with in a paper of this magnitude are the 
details of various savings which Mr. Langdon has put before us. 1 
propose to confine myself generally to the coal consumption that һе has 
spoken of. First of all, last week Mr. Raworth touched upon what I 
think was a serious mistake in Mr. Langdon’s figures. He tackled Mr. 
Langdon's total output, as shown in the last column of table No. IV., and 
said that he had made out practically double that amount. He did not 
follow this to its conclusion, but in my opinion he was right. I think 
Mr. Langdon has entirely under-estimated the work on heavy railways 
such as you have to deal with in steam-locomotives. If you look at 
Table IV. you will find the speed given in the fourth column, the load 
in the sixth, and the total tractive effort in the seventh. He has 
calculated out his Tractive Effort on a formula which, as Mr. Raworth 
pointed out, is fairly correct for high speeds, but is not correct for 
low speeds. Moreover, he is assuming a perfectly straight road, and 
а level one. These things do not exist in practice. You have in reality 
uneven roads, and you have heavy ground to go over. If you divide 
the tractive effort by the load you will find that Mr. Langdon gives 
this startling result. He says he is going to deal with a mineral train 
and a goods train with a resistance of only 5% lbs. That is an 
impossibility in railways in England. Тһе ordinary goods train pulled 
along has a resistance of at least 10 lbs. on a straight road, but on an 
ordinary irregular road the resistance is increased enormously. The 
train has to be pulled uphill; on going downhill the brakes must be 
put on more or less, and in addition there is frequent starting and 
stopping. Hence the power given out is much larger than the author 
states—183 Н.Р. to pull 500 tons. I propose to take my facts from 
Mr. Johnson's paper, which, as Mr. Langdon remarks, is most valuable 
for an inquiry of this sort, I have taken chiefly the year 1992. The 
figures are given in Mr. Johnson's paper, and it will be found that in 
that year Mr. Johnson carried out for the Midland Railway Company 
a set of experiments to find out what was the coal consumption on 
passenger trains, goods trains, and mineral trains. ‘The figures are all 
set out in Mr. Johnson's paper, and he gives the results in pence рег 
train-mile. He also gives his average price of coal, and if the average 
cost of coal per train-mile be divided by the price of a pound of coal, 
the average consumption for the three classes of trains is found. 
Passenger trains took about 36 Ibs. per train-mile, goods trains 53 lbs., 
and mineral trains 62 lbs. That agrees with all the other results that 
have been obtained on railways in England—there are dozens of cases. 
There was а paper read before the Institution of Civil Engineers in 
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1595 Бу Messrs. Adams and Pettigrew, іп which they gave a set of 
elaborate experiments on (һе South-Western Railway. They were 
trving an express train, and took diagrams during the whole of the 
run. They found there with a train of about 250 tons weight, that it 
took about 30 Ibs. of coal. It was a fairly easy route, and I expect 
Welsh coal was used—in fact they say so. Mr. Smith read a paper 
before the Institution of Mechanical Engineers about two years ago on 
а similar set of tests оп a North-Eastern express of about the same 
weight—275 tons. There his coal consumption was about до lbs., a 
little higher than in the other case. That was ordinary, good North- 
Country coal. Then Mr. Webb on the North-Western took a party of 
engineers up to Crewe with one of his compound engines. Everything 
was tested pretty closely. The train weighed 420 tons, and the coal 
consumption was about 44 Ibs. per train-mile. All these figures average 
about the same per ton-mile. In one case it is o'14, in another o'105, and 
on the South-Western about о’тт lb. The horse-power obtained was, 
on the South-W'estern express very nearly боо H.P., and on the North- 
Eastern from 550 to 800, which averages over 7оо. Comparing those 
hgures with the first figure given by Mr. Langdon in his table of 477 
they are very different, and I should say a train of that weight will 
require an average horse-power of about боо to pull it along. Ordinary 
Passenger trains and empty coaches require very little less power, 
because they are always starting and stopping, and there is much to 
be done in acceleration. For а train of that size you should not, at a 
moderate estimate, have less than 350 H.P. In the next case, Mr. 
Langdon puts down 295 H.P. for a train of 400 tons at a spced of 
35 miles an hour. It is more likely to be over 400 H.P. A mineral 
train, according to Mr. Johnson's figures, burning roughly the same 
amount of coal, would come out at about 400 Н.Р. Any locomotive 
superintendent would say that a mineral train of that weight would not 
take less than 400 H.P., and he could probably prove it by diagrams if 
he chose. Taking these results, we get 6,100 H.P., instead of the total 
horse-power which Mr. Langdon has got in his last column but one. 
That agrees fairly well with what Mr. Raworth has said. The net result 
15, that the power-houses, instead of giving about 5,000 kilowatts, would 
have to give nearly 9,000. 

Generally speaking, Г should say that Mr. Langdon has under- 
estimated the whole of his power, and that he would require an 
Output of nearly double what he has mentioned. Putting it at 9,000 
for the moment, I am afraid the coal consumption of 30 Ibs. per 
train-mile will go up considerably—it goes up, in fact, on my figures to 
57. Mr. Langdon, again, calculated on the consumption of 3 15. рег 
kilowatt at his power-house. We have not got that yet even in the 
Steadiest load of any power-station іп England ; but, on a railway, the 
load is not a steady load. Mr. Langdon has an average of about four- 
leen trains passing through. The power they take varies enormously 
from time to time, and a large compound engine, however good it may 
be, cannot work economically with a load that varies, we will say, from 
fo up to 140 per cent. I have known a railway vary from 50 to 150 per 
Cent. оп its average. You cannot, under those circumstances, expect to 
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generate vour power for as low a coal consumption as 3 Ibs. I am sure, 
at least under our present knowledge of steam and everything else, that 
something like 4 Ibs., ог 4% Ibs. per kilowatt, would be used. That 
brings up the consumption to 85 165. per train-mile, instead of 5o, as in 
the case of the Midland at present. There are several electric railways 
in England, and two of them I know well. Both of them have com- 
pound. condensing engines in the power-houses; both of them have 
more trains per hour than Mr. Langdon has, and it is found that their 
coal consumption does not compare favourably with that of the Metro- 
politan District Railway. The coal consumption of these railways has 
been stated at various times from 0'4 up to o'5 Ib. per ton-mile. I think 
Mr. Cunningham last week gave $ lb. as the rate for the Central 
London, and about o'4 Ib. for the Overhead Railway ; but Mr. Cun- 
ningham was perhaps a little beyond the mark in his figure. Yet 
taking 0'4 lb. for the work done on these railways, you cannot at 
once compare with the kind of. railway that Mr. Langdon has spoken 
of, because they are for short distances, with frequent starting and 
stopping, and have to do an enormous amount of work in accelerating. 
But the Underground has much the same conditions of traffic. It is 
practically level from station to station, and has no switchbacking. 
The Liverpool Overhead Railway is almost the same: it has one 
switchback length in its line. On the Central London, which runs at a 
much higher speed than the other two, switchbacking does something 
like thirty per cent. of the whole power required to pull a train from one 
end to another at that speed—that is, the switchbacking does most of the 
work of accelerating. Therefore I say опе may take these two railways, 
the Central London and the District, as a very fair comparison of what 
can be fairly well done now by electrical engineers. Тһе District 
Railway does its work at 32 lbs. per train-mile ; the Metropolitan does 
it at 36. The weight of the train is about 135 or 140 tons, very nearly 
the same as the Central London, and that works out at rather less than 
$ 10. per ton-mile. The District Railway uses the best coal it can get, 
simply because of the fumes that are given out. I do not think vou 
can fairly claim that the difference between o'4 and 0725 Ib. is entirely 
due to the South Wales coal, though I would ascribe a certain amount 
of it to that. I think that the electric railways I am dealing with, if they 
were burning good South Wales coal, would probably get down to very 
nearly 0'3, but they would have a difficulty in getting past 0:25 Ib. This 
agrees pretty well with what I put down for the figures on this ideal rail- 
way. Ithink myself that Mr. Langdon has under-estimated it considerably. 
With our present knowledge of electricity and steam, I do not see how 
one can expect to get an economy of that sort. I believe in a very 
short time we may get down to the same coal efficiency, but I do not think 
it will be surpassed, and therefore I think that this particular economy 
must be wiped off the sheet. After that, I admit all the other things 
are an advantage—the clectrically driven lines are cleaner, and sweeter, 
and the hauling is more regular. The dirt is got rid of, and there is not 
the same wear and tear. Ав regards repairs and so forth, we have had 
no experience yct to judge, but Mr. Langdon, fairly enough, assumed 
that they will be about the same. I think the coal economv is not 
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proved in the least, and that many of the other economies will hardly 
stand close inquiry. Each particular item of Mr. Langdon's paper—I 
do not agree at all with the last speaker—is worthy of criticism. 

Mr. A. A. C. Swixton: I would like, at the outset, to say I do not 
agree with Professor Forbes that this is a paper not suited to this In- 
stitution. I think that it is not only eminently suited, but that it is onc 
of the most interesting and suggestive papers we have had for a very 
long time. About a year ago I had a conversation in London with а 
very eminent authority upon matters of this kind—Mr. George Westing- 
house ; and, as far as I could gather, he did not appear to contemplate 
the possibility of the adoption of electricity for driving trains upon 
‘main lines. He thought that very shortly suburban traffic would be 
almost entirely done electrically, but he did not seem even to have 
contemplated the use of electricitv for -driving trains on main lines, 
such as is*dealt with in this paper by Mr. Langdon. Only about 
a vear ago I had occasion to look into this question in connection with 
a contemplated railway, and made some estimates as to what the scheme 
would cost. Curiously enough the line was to be exactly the same 
length as that portion of the Midland Railway which Mr. Langdon has 
taken as his basis in the paper before us—it was just over fifty miles. 
After a careful computation, I came to the conclusion that the total cost 
of the equipment would be little more than Mr. Langdon has stated— 
namely, just over £523,000; but there the resemblance, I am sorry to 
say, ceases. I must confess that I cannot understand Mr. Langdon's 
figures in regard to the subject to which Professor Forbes has already 
drawn attention. I cannot understand how he is to make the necessary 
arrangement for cables and contact-rail for £140,000, and I think it 
would be very interesting if Mr. Langdon would give us further 
details as to what is included in those two items. In my case, the 
power was much less, as there were fewer trains running at опе time; 
and although my total came to very much the same as Mr. Langdon's, 
a much smaller proportion was represented by generating plant, and a 
very much larger proportion by plant for distribution, by which I mean 
cables and “trolley wires." | 

There із опе way іп which, I think, some economy might Бе derived 
of which Mr. Langdon has not taken advantage. Mr. Hammond 
mentioned a railway where they are going to employ 3,000 volts upon 
the motors, and I do not know anything, except perhaps the rules of 
the Board of Trade, to prevent the use of a considerably higher voltage 
than 600 upon the motors; and if, in addition to using higher voltages 
on the motors, we can also successfully use three-phase motors and save 
the rotary transformers, there will not only be a considerable saving in 
capital, but there will also be an increase in efficiency, and, more 
important still, there will be no necessity for any assistants at the sub- 
stations. Rotary transformers necessitate the employment of assistants, 
but static transformers can be shut up and left to themselves, and that 
will make a considerable difference in the cost of running the concern. 
The evening this paper was read, I happened to meet Mr. Charles 
Brown, and thinking it a favourable opportunity to ask him about the 
Burgdorf-Thun Railway, I inquired whether, if he had to cquip 


Mr. 
Hudleston. 


Mr. 
Swinton. 


Мг. 
Swinton, 


Mr. Walton. 


1409 LANGDON: STEAM Г. ELECTRIC LOCOMOTIVE. [рес. 6th, 


electrically a main ling in this country, he would use the same system ; 
and he replicd that, unless there were any very exceptional circum- 
stances which did not occur to him at the moment, he should certainly 
use three-phase motors, and not continuous-current motors and rotary 
transformers. 

The question raised by Mr. Robinson as to whether there is cconomy 
in large stations is a very important one. Some of us spent many 
wecks last year in trying to persuade a Committee of the House of 
Commons—and we did persuade them—that there was economy in 
large stations. If there is no such economy, I can see no advantage 
in Electrical Power schemes. Some people seem to think that the whole 
matter is merely a question of how many pounds of coal are required 
to produce a horse-power in an engine; but the coal expenditure is 
but one item out of many. There 15 the question of capital cost. Does 
Mr. Robinson suggest that a station for 10,000 kilowatts costs ten times 
as much as one for 1,000 kilowatts? (Мг. MARK ROBINSON : It costs 
twice as much as one for 5,000 kilowatts.] I cannot concede even 
that. In dealing with 10,000 kilowatts you can afford to do all manner 
of things that you cannot with 1,000, and which you cannot do so well 
with 5,000 kilowatts. At the end of three weeks the condition of the 
mind of the Committee to which I have referred was that at about 
10,000 kilowatts the rate of increase in economy began to slack ой. But 
that is not my opinion. I should not be inclined to put it below 50,000 
or 100,000; indeed I am not sure vou can put it anywhere. The 
bigger the plant is, the easier it is to arrange all manner of different 
economising devices, such as superheating, coal-conveying apparatus 
and the like. 

I would also like to ask how, with stations all along the line (as Mr. 
Hoy suggests, with stations about every mile), a constant load is to be 
obtained. Each station will be working for about five minutes, and 
then it will have to shut down. А constant load can only be ensured 
by having one station to work a great length of line, and it is only by 
securing a constant load that proper economy can be obtained. 

Mr. А. Н. WaLToN : I cannot agree with my friend Mr. Hammond, 
who has previously spoken, that everything is just as it should be in this 
paper. Mr. Langdon has certainly put it before us in a very broad 
manner, but I think he has got wrong over his tractive effort. His 
figures for mechanical horse-power are, as Mr. Hudlestone said, far too 
low. I will give you an instance. Take his express train having a Н.Р, 
of 477. That works out as low as 26 watt-hours per train-mile. I do not 
think it has ever been done vet at that figure. The best we know of up 
to the present time is a little under 40 watt-hours per train-mile. Moles- 


” 


worth's formula, defining the resistance as lbs. per ton = pr 8, level, 


gives a tractive effort for that express train of 22:6 pounds per ton, which 
is somewhere near Mr. Hudlestone's figure. Mr. Hudlestone mentioned 
the figure of 827 against Mr. Langdon's 477. If we go still further, and 
work out the watt-hours per train mile, Mr. Langdon's come out at 26, 
whereas Molesworth's come out at 4478, which, I think, is near the mark. 
I think vou will agree with me that Mr. Langdon has altogether under- 
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estimated the power required for the tractive effort. It is true his Ме Walton. 
comparisons are with actual data at his disposal in Mr. Johnson's paper, 
that is to say a mechanical H.P. costs so much a train-mile with a given 
weight, but he has had to estimate the electrical side of the question, 
and his estimate is altogether too low; indeed, I think with Mr. 
Hudlestone, it ought to be wiped off the sheet. With regard to Mr. 
Langdon's statement on the question of coal, he has put down 3 pounds 
per kilowatt-hour; but I agree with Mr. Huddleston that from 4:5 
pounds to 5 pounds would be considered fairly good in practical work- 
ing. Ithink we shall be very well satisfied if we get it in the many 
projects that are before us and, at the same time, reduce some of the 
stations that arc already running to that figure. I do not think 3 
pounds per killowatt-hour has ever been accomplished. Мг. Cunning- 
ham told us that on the Central London Railway the watt-hours per 
train-mile were 70, irrespective of the lifts and lighting. Ever since we 
completed that line under Mr. Hudleston's supervision we have been 
watching it very carefully, and we find that the watt-hours per train- 
mile are 64:9 actually generated for everything, and we find an average 
at the third rail during the last two months of 50 watt-hours without the 
lighting of the train. That average has been checked by one-second 
readings during three or four runs with the motor from the Bank to 
Shepherd's Bush and back, and the figures actually came out at 405 
after checking instruments, so that I do not think we are far wrong. 
Mr. Cunningham also told us that the coal was o'5 lb. per ton-mile. 
Mr. Hudleston, I think, has already said something in reference to 
this. In watching this point we found that the actual coal per 
kilowatt-hour was 0'44 pounds, which works out at 6'6 pounds per 
kilowatt-hour. That, of course, is high. Неге I would venture to 
suggest that we seem to be talking in the dark on this question of 
coal We heard Mr. Hudleston speak of what сап be accomplished 
with Welsh coal, and he said that we could not get down to a particular 
point if cheaper coal were burnt; but in this instance it is entirely duc 
to the very cheap fuel which is being used. I venture to suggest that 
if we could standardise this question and speak of the cost of the coal, 
and not of the weight of the coal, it would be much better. We are all 
burning different kinds of coal, and no one gives the calorific value. 
Onc is burning Welsh coal, and another is burning practically dirt. 

There is just one other question I should like to touch on. On page 
135 the author suggests 21 per cent. leakage on his line, which I consider 
is very excessive. Taking the five sections given at Figure 2, that 
amounts to 35 amperes per section, or on the total line 170 amperes, and 
taking the resultant of the E.M.F. over the current which is passing 
through, we get the most extraordinarily low insulation result of 3°5 
ohms. I ask, Is any line going to work on that? I am afraid Mr. 
Langdon has rather overdone it in the case of leakage ; and that he has 
been too liberal on the electrical мас. 

Mr. А. J. Бахзох: We have all to thank Mr. Langdon for his paper. Мг. Lawson 
While I agree to some extent with Mr. Hudlestone and others that the 
author has taken too low a figure for coal consumption, I think he has, 
on the other hand, done some injustice to his own cause by assuming 
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much too low an efficiency in his motors and in his method of trans- 
mission throughout. For instance, he has taken the motors with 85 per 
cent. efficiency ; the ohmic loss in transmission at то per cent. ; leakage 
24 per cent. ; loss in rotary converters то per cent. ; in static trans- 
formers 7 per cent., and in high-tension transmission то per cent. I 
think he might very well have assumed that he could get nearly 
go per cent. in. motors; a line loss of 5 per cent, even assuming 
that he has his insulation. resistance as low as Mr. Walton put it. 
He could pet 97 per cent. efficiency іп his static transformers instead 
of 93; 93 per cent. in his high-tension transmission instead of go; and 
71:55 per cent. over-all efficiency instead of the 58 per cent. he 
assumes. И, however, he adopted а three-phase transmission, elimi- 
nating altogether his rotary converters, and taking his own efficiencies, 
һе could still obtain 62 per cent. instead of 58; this gain may not be 
very great, but it is an addition of 44 per cent. In taking the ейсіеп- 
cies I have assumed, he could get 75 per cent. over-all, which will 
go very far towards reducing the coal bills that I am rather surprised 
the apostles of electric traction in this assembly are so very desirous 
of putting up. I cannot understand their object. Is it that thev are 
not ready to meet the case of electrical equipment of main lines of 
railway? Ц has been done on Ше Continent. As Mr. Swinton has 
mentioned, high-tension, three-phase transmission has been in fairly 
successful use on the Burgdorf-lhun Railway, and a higher voltage, 
four times as much as on the Burgdorf-Thun line, is going to be put 
into use on another line next month, I hope. We shall then gain 
some information which will be useful, and although the station is a 
water-power station, I think it will dispose to a verv large extent of 
the suggestion of separate stations at intervals of every five miles. 
Not only will they save the attendance which Mr. Langdon has 
estimated for at every one of his sub-stations, but with generating 
stations, as Mr. Robinson suggested, for every ten miles (which, as 
Mr. Swinton has justly pointed out, will mean a station loaded for a 
few moments and unloaded for the greater part of the hour) there will 
be a coal consumption in excess of the figures which have been men- 
tioned by Mr. Walton and others. With a station every ten miles or 
so vou might just as well retain the present locomotives—indeed, I 
think it would be better to do so, because vou would otherwise have 
the assistants not only on the locomotives but at the sub-stations 
increased in number, 

Mr. A. SIEMENS: I would like to draw the attention of the meeting 
to the fact that the title of the paper is “ The Supersession of the 
Steam by the Electric Locomotive,” while the discussion has now 
entirely branched off into a statement of the fact that where a line 
of railway has cleven or twelve trains per hour, it is cheaper to run it 
electrically than by steam. That, I think, we all know. As Professor 
Forbes has already pointed out, that does not want proving. Mr. 
Langdon сап afford to give the £330,000 for his conductors, which 
I think is the proper figure, and he can afford to wipe off the coal 
saving, Which does not exist according to my idea, and still he will 
show a saving on such a line. But he proposes in his paper that the 
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Midland Railway Company, for instance, should go on converting its 
line gradually fifty miles by fifty miles. Is he going to stop his Scotch 
expresses at Bedford to change engines when he has completed the 
first stage? What also is he going to do on those portions of the 
Midland line where there are very few trains—only two or three per 
hour? I think what Mr. George Westinghouse said a усаг ago is still 
absolutely true, that for suburban traffic, for any trafic which has some- 
thing like ten or twelve trains an hour and upwards, it is natural that 
electric traction will comeand that electric traction is the proper thing ; 
but for the long main-line trains, for those parts of the railway system 
where there are onlv a few trains per hour, I do not think there is any 
chance yet of introducing an economical system of electric traction. 

Major P. CARDEW : I think Mr. Walton and Mr. Hudlestone pos- 
sibly have been misled as regards this column in Table IV., Mechanical 
Horse-power per Train Hour. 

Мг. LANGDON : What I was desirous of expressing: was the fact that 
that power was required for an hour. The table secks to reduce every- 
thing to ап hour's work, and therefore the horse-power is not intended 
to express exactlv what is the maximum horse-power being used at any 
time in kilowatt-hours. 

Major CARDEW : I think that one important thing to notice in the 
tables given in the paper is the extremely small number of miles over 
which each locomotive is run in the week. I find from them that 
on the North-Western Railway they only use each locomotive for 314 
train-miles per week. Taking into consideration the time of the drivers 
and the firemen, the wages table comes out enormously high, and I do 
think a considerable economy is possible with electrical traction. Apart 
from the possibilities of absolutely reducing the employés on a train 
(which, I think, is quite within contemplation, seeing that the work to 
be done is reduced to practically nothing), there 1s much time lost 
by the steam locomotive before starting and after returning to the shed 
and during the time it is taking in water and coal. I tnd that in most 
railways they allow three-quarters of an hour for the driver and hreman 
before starting, and the same time after the engine has returned to the 
shed. All these little items mount up. | 

Мг. Langdon deals with the traffic as it exists. If it were really in 
contemplation to equip a line electrically, no doubt it would be possible 
to find out how the service could be best suited to the new means of 
working, and the tendency would be to run shorter and more frequent 
trains. Then, with regard to the terminal stations. With motor-cars 
at each end of the train, it would be possible to clear the train out 
of the station in very much quicker time than it takes to shunt ап 
ordinary train with a locomotive. Much could thus be saved. In the 
samce way the goods traffic could be arranged on much better lines for 
electrical working. I find that a great deal of use is now being made 

on the Continent of locomotives with accumulators for shunting pur- 
poses, and of course they fulfil a very desirable object. In shunting, 
neither. power nor spced is required, but only a good horse, as it were, 
to drag the trucks about, and an accumulator locomotive does the job 
and saves a great deal of expense in the cquipment of sidings. Е may 
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much too low an efficiency in his motors and in his method of trans- 
mission throughout. For instance, he has taken the motors with 85 per 
cent. efficiencv ; the ohmic loss in transmission at 10 per cent. ; leakage 
21 per cent.; loss in rotary converters 10 per cent. ; in static trans- 
formers 7 per cent. and in high-tension transmission 10 per cent. I 
think he might very well have assumed that he could get nearly 
9o per cent. in motors; a line loss of 5 per cent, even assuming 
that he has his insulation resistance as low as Mr. Walton put it. 
He could vet 97 per cent. efficiencv іп his static transformers instead 
of 93; 93 per cent. in his high-tension transmission instead of 9o ; and 
71:35 рег cent. over-all efficiency instead of the 58 per cent. he 
assumes. If, however, he adopted a three-phase transmission, elimi- 
nating altogether his rotary converters, and taking his own efficiencies, 
he could still obtain 62 per cent. instead of 58; this gain may not be 
very great, but it is an addition of 44 per cent. In taking the efficien- 
cies I have assumed, he could get 75 per cent. over-all, which will 
go very far towards reducing the coal bills that I am rather surprised 
the apostles of electric traction in this assembly are so very desirous 
of putting up. I cannot understand their object. Is it that they are 
not readv to meet the case of electrical equipment of main lines ot 
railway? It has been done on the Continent. As Mr. Swinton has 
mentioned, high-tension, three-phase transmission has been in fairly 
successful use on the Burgdorf-Thun Railway, and a higher voltage, 
four times as much as on the Burgdorf- Thun line, is going to be put 
into use on another line next month, I hope. We shall Шеп gain 
some information which will be useful, and although the station is a 
water-power station, I think it will dispose to a verv large extent ot 
the suggestion of separate stations at intervals of every five miles. 
Not only will they save the attendance which Mr. Langdon bas 
estimated for at every one of his sub-stations, but with generating 
stations, аз Mr. Robinson suggested, for every ten miles (which, as 
Mr. Swinton has justly pointed out, will mean a station loaded for a 
few moments and unloaded for the greater part of the hour) there will 
be a coal consumption in excess of the figures which have been men- 
tioned by Mr. Walton and others. With a station every ten miles or 
so vou might just as well retain the present locomotives—indeed, i 
think it would be better to do so, because you would otherwise have 
the assistants not only on the locomotives but at the sub-stations 
increased in number. 

Mr. А. SIEMENS: I would like to draw the attention of the meeting 
to the fact that the title of the paper is “Тһе Supersession of the 
Steam by the Electric Locomotive," while the discussion has now 
entirely branched off into a statement of the fact that where a line 
of railway has cleven or twelve trains per hour, it is cheaper to run it 
electrically than by steam. That, I think, we all know. As Professor 
Forbes has already pointed out, that does not want proving. Mr. 
Langdon can afford to give the £330,000 for his conductors, which 
I think is the proper figure, and he can afford to wipe off the coal 
saving, which does not exist according to my idea, and still he will 
show a saving on such a line. But he proposes in his paper that the 
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Midland Railway Company, for instance, should go on converting its 
line gradually fifty miles bv fifty miles. Is he going to stop his Scotch 
expresses at Bedford to change engines when he has completed the 
first stage? What also is he going to do on those portions of the 
Midland line where there are very few trains—only two or three per 
hour? I think what Mr. George Westinghouse said a year ago is still 
absolutely true, that for suburban traffic, for any trafic which has some- 
thing like ten or twelve trains an hour and upwards, it is natural that 
electric traction will come and that electric traction is the proper thing ; 
but for the long main-line trains, for those parts of the railway system 
where there are only a few trains per hour, I do not think there is any 
chance yet of introducing an economical system of electric traction. 

Major P. CarDEW: I think Mr. Walton and Mr. Hudlestone pos- 
siblv have been misled as regards this column in Table IV., Mechanical 
Horse-power per Train Hour. 

Mr. LaNGbox : What I was desirous of expressing was the fact that 
that power was required for an hour. The table seeks to reduce every- 
thing to ап hour's work, and therefore the horse-power is not intended 
to express exactly what is the maximum horse-power being used at апу 
time in kilowatt-hours. 

Major CARDEW : I think that one important thing to notice in the 
tables given in the paper is the extremely small number of miles over 
which each locomotive is run in the мсек. I find from them that 
on the North-Western Railway they only use each locomotive for 314 
train-miles per week. Taking into consideration the time of the drivers 
and the firemen, the wages table comes out enormously high, and I do 
think a considerable economy is possible with electrical traction. Apart 
from the possibilities of absolutely reducing the employes on a train 
(which, I think, is quite within contemplation, seeing that the work to 
be done ts reduced to practically nothing), there is much time lost 
by the steam locomotive before starting aud after returning to the shed 
and during the time it is taking in water and coal. I find that in most 
railways they allow three-quarters of an hour for the driver and freman 
before starting, and the same time after the engine has returned to the 

shed. All these little items mount up. | 

Mr. Langdon deals with the traffic as it exists. И it were really т 

contemplation to equip a line electrically, no doubt it would be possible 
to find out how the service could be best suited to the new means of 
working, and the tendency would be to run shorter and more frequent 
trains. Then, with regard to the terminal stations. With motor-cars 
at each end of the train, it would be possible to clear the train out 
of the station in very much quicker time than it takes to shunt an 
ordinary train with a locomotive. Much could thus be saved. In the 
samce way the goods traffic could be arranged on much better lines for 
electrical working. I find that a great deal of use is now being made 
on the Continent of locomotives with accumulators for shunting pur- 
poses, and of course they fulfil a very desirable object. In shunting, 
neither power nor spced is required, but only a good horse, as it were, 

to drag the trucks about, and an accumulator locomotive does the job 

and saves а great deal of expense in the equipment of sidings. I may 
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say that I have seen the experimental line at Buda Pesth and closely 
studied it, and am quite satisħed with the working. The working 15 
admirable, and by the arrangement of the three-phase motors in series, 
whereby they tend to halve the speed, a great economy is effected in 
the starting. The same thing comes into operation in the stopping ; 
the other motor is switched in in series, and the immediate effect is the 
return of power to the line. In that way the three-phase working cer- 
tainly has an enormous advantage over the ordinary continuous-current 
system. 

Mr. Ev. C. ре SEGUNDO : The author has attacked a subject which, 
in my judgment, is destined in the near future to be one of national im- 
portance, and 1 trust that he will accept my assurance that any remarks 
I may have to make on his figures are made with due deference to the 
opinions of one so much my senior in age and experience. First with 
regard to the important subject of coal consumption, Mr. Langdon has 
put down the figure of 3 pounds per kilowatt-hour. I have looked up 
some figures, and find that the consumption of coal per kilowatt-hour at 
the Central Station of the Dublin Railways works out to 2°1 pounds on 
the basis of the boilers evaporating 8 pounds per pound of coal. At the 
Dortmund Electricity Works it is 2:8 pounds per kilowatt generated ; 
on the Berlin tramways it is 23 when using saturated steam, and with 
superheated steam 21. It must be remembered that these are test 
figures. I have worked out the average consumption of coal per kilo- 
watt-hour distributed on seven of the more important central stations 
on the Continent, including Berlin, and I find that it works out at 475 
pounds. This seems to point to the fact of Mr. Langdon's allowance ot 
3 pounds being somewhat narrow ; but on the other hand one has vet 
to be quite sure what the load-factor will be in the circumstances in 
which Mr. Lanpdon's figures are conceived—the application of electric 
traction to à railway. 

So far, the application of electric traction has been made under 
conditions which, so to speak, have been in favour of electricity—that 
is to say, the railway has been built for an electric railway, and there 
is not a sufficiently extended record of the performance of electric 
locomotives doing railway work under the conditions which obtain in 
any ordinary main line, so that we can only hazard a guess as to the 
nature of the load-factor which will obtain in those circumstances. 
Mr. Langdon has not suggested how freight-traffic is to be dealt with, 
and through-traffic is also an important point. Both of these contribute 
very largely to revenue: in fact, the revenue from freight-traffic may 
be 24 times or 3 times that which is obtained from passenger-traffic, 
and the through-trafhe may be from 43 to 50 per cent. of the whole 
traffic of the linc. While the tendency is more and more towards 
short, frequent, and consequently light trains for passenger-traffic, 
which is admirably suited to electric traction conditions, the tendency 
is to increase the length, and consequently the weight, of freight-trains 
and to run them at longer intervals. ОЁ course from а steam railway 
point of view the economic aspect of this is apparent on the face of it. 
But, with electric traction, it is obvious that the frequent starting of 
these heavy freight-trains would be a factor operating disadvantage- 
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ously to the economy of the steam engine at the generating station. 
On the other hand, there is one point in favour of clectricity 
I do not think anybody has referred to yet, and it is a very important 
one. W'eall know that only about half of the total weight of the loco- 
motive and tender is available for tractive purposes; in the clectric 
locomotive it is possible to apply the whole weight on the driving axles. 
Therefore the conclusion will be obvious that for a given tractive effort 
an electric locomotive need only be half the weight of a steam loco- 
motive ; and I need hardly point out the reduction in the wear and 
ісаг of the permanent way, and the consequent saving of expense of 
the cost of maintenance, that would result from that alone. Тһе total 
absence in electric traction of “pounding,” which it is impossible to 
avoid in the steam-locomotive, due to unbalanced piston-effort, would 
operate largely towards a reduction in the cost of maintenance of the 
permanent way. With regard to this complex question of large or small 
stations, I merely throw out the suggestion that should such an event be 
contemplated as the supersession of all steam locomotives on a line like 
the Midland by electric locomotives, it might be possible for the elec- 
tric generating stations in some of the big cities and towns through 
which the railway passes to contribute in some mcasurc to the current 
necessary for traffic purposes. This does not remove the objections I 
have raised before ; but it is a possible means of reducing the capital 
expenditure of a railway company which contemplates such a step by 
making usc of existing sources of supply. 

With reference to the financial aspect of the question; during 
recent visits to the United States I have on every occasion been 
struck by the fact that our American cousins seem to have antici- 
pated the fact that the future is pregnant with big events, and they 
have made preparations to cope with any demand that may arisc. 
We in England have not kept pace with the times, and if we are to 
recover our position—I use the word advisedly—we should tear from 
our eyes the veil of pride and prejudice which prevents us realising our 
own deficiencies, and consent to learn from our neighbours, notably the 
United States, so that we can regain the trade we have lost, and re- 
establish our position of commercial supremacy amongst the nations of 
the world. 

Mr. FRANK SPRAGUE : I have not had the time to criticise this paper, 
and I prefer not to do so. In considering any electric railway proposi- 
tion, the practical question always stares me in the face: How is oncto 
accomplish a result, and is it worth the while? Being possibly somc- 
what of an enthusiast оп matters of electric traction, having given а 
number of years to the subject, there is no attempted solution of 
problems of this character, whether concerning suburban or main-line 
service, that does not command my interest, and I always welcome the 
various proposals made. | 

I think the statement сап Бе very safely made that clectric railways 
will not be conducted on steam lines. The question is not the super- 
session of the steam-locomotive by the electric. The electric locomotive, 
rated as the steam-locomotive is rated, hardly exists. If a dynamo is 
considered, we wish to know the continuous output of which it is 
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say that I have seen the experimental line at Buda Pesth and closely 
studied it, and am quite satisfied with the working. The working is 
admirable, and by the arrangement of the three-phase motors in series, 
whereby they tend to halve the speed, а great economy is effected in 
the starting. The same thing comes into operation in the stopping ; 
the other motor is switched in in series, and the immediate effect is the 
return of power to the line. In that way the three-phase working cer- 
tainly has an cnormous advantage over the ordinary continuous-current 
system, 

Mr. Ev. С. ре ЗЕссхро : The author has attacked a subject which, 
in my judgment, is destined іп the near future to be one of national im- 
portance, and I trust that he will accept my assurance that any remarks 
I may have to make on his figures are made with due deference to the 
opinions of one so much my senior in age and experience. First with 
regard to the important subject of coal consumption, Mr. Langdon has 
put down the figure of 3 pounds per kilowatt-hour. I have looked up 
some figures, and find that the consumption of coal per kilowatt-hour at 
the Central Station of the Dublin Railways works out to 2:1 pounds on 
the basis of the boilers evaporating 8 pounds per pound of coal. At the 
Dortmund Electricity Works it is 28 pounds per kilowatt generated ; 
on the Berlin tramways it is 23 when using saturated steam, and with 
superheated steam 21. It must be remembered that these are test 
figures. I have worked out the average consumption of coal per kilo- 
watt-hour distributed on seven of the more important central stations 
on the Continent, including Berlin, and I find that it works out at 45 
pounds. This seems to point to the fact of Mr. Langdon's allowance ot 
3 pounds being somewhat narrow ; but on the other hand one has vet 
to be quite sure what the load-factor will be in the circumstances in 
which Mr. Langdon's figures are conceived—the application of electric 
traction to а railway. 

So far, the application of electric traction has been made under 
conditions which, so to speak, have been in favour of electricity—that 
is to say, the railway has been built for an electric railway, and there 
is not a sufficiently extended record of the performance of electric 
locomotives doing railway work under the conditions which obtain in 
any ordinary main line, so that we can only hazard a guess as to the 
nature of the load-factor which will obtain in those circumstances. 
Mr. Langdon has not suggested how freight-traffic is to be dealt with, 
and through-traffic is also an important point. Both of these contribute 
very largely to revenue: in fact, the revenue from treight-traffic may 
be 2} times or 3 times that which is obtained from passenger-traffic, 
and the through-traftic may be from 43 to 50 per cent. of the whole 
traffic of the line. While the tendency is more and more towards 
short, frequent, and consequently light trains for passenger-traffic, 
which is admirably suited to electric traction conditions, the tendency 
15 to increase the length, and consequently the weight, of freight-trains 
and to run them at longer intervals. Of course from a steam railway 
point of view the economic aspect of this is apparent on the face of it. 
But, with electric traction, it is obvious that the frequent starting of 
these heavy freight-trains would be a factor operating disadvantage- 
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ously to the economy of the steam engine at the generating station. 
On the other hand, there is one point in favour of clectricity 
I do not think anybody has referred to yet, and it is a very important 
one. W'eall know that only about half of the total weight of the loco- 
motive and tender is available for tractive purposes; in the clectric 
locomotive it is possible to apply the whole weight on the driving axles. 
Therefore the conclusion will be obvious that for a given tractive effort 
an electric locomotive need only be half the wcight of a stcam loco- 
motive ; and I need hardly point out the reduction in the wear and 
tcar of the permanent way, and the consequent saving of expense of 
the cost of maintenance, that would result from that alone. The total 
absence in electric traction of “pounding,” which it is impossible to 
avoid in the steam-locomotive, due to unbalanced piston-effort, would 
operate largely towards a reduction in the cost of maintenance of the 
permanent way. With regard to this complex question of large or small 
stations, I merely throw out the suggestion that should such an event be 
contemplated as the supersession of all steam locomotives on a line like 
the Midland Бу electric locomotives, it might be possible бог thc clec- 
tric generating stations in some of the big cities and towns through 
which the railway passes to contribute in some тсазиге to the current 
necessary for traffic purposes. This does not remove the objections I 
have raised before ; but it is a possible means of reducing the capital 
expenditure of a railway company which contemplates such a step by 
making use of existing sources of supply. 

With reference to the financial aspect of the question; during 
recent visits to the United States I have on every occasion been 
struck by the fact that our American cousins seem to have antici- 
pated the fact that the future is pregnant with big events, and they 
have made preparations to cope with any demand that may arise. 
We in England have not kept pace with the times, and if we are to 
recover our position—I use the word advisedly—we should tear from 
our eyes the veil of pride and prejudice which prevents us realising our 
own deficiencies, and consent to learn from our neighbours, notably the 
United States, so that we can regain the trade we have lost, and ге- 
establish our position of commercial supremacy amongst the nations of 
the world. 

Mr. FRANK SPRAGUE: I have not had the time to criticise this paper, 
and I prefer not to do so. In considering any electric railway proposi- 
tion, the practical question always stares mc in the face : How is oncto 
accomplish a result, and is it worth the while? Being possibly somc- 
what of an enthusiast on matters of electric traction, having given a 
number of years to the subject, there is no attempted solution of 
problems of this character, whether concerning suburban or main-line 
service, that does not command my interest, and I always welcome the 
various proposals made. | 

I think the statement can be very safely made that electric railways 

will not be conducted on steam lines. The question is not the super- 
session of the steam-locomotive by the electric. The electric locomotive, 
rated as the steam-locomotive is rated, hardly exists. И a dynamo is 
considered, we wish to know the continuous output of which it is 
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capable, and vou gentlemen who are consulting engineers prescribe 
very rigid conditions of test. ТЕ must run for so many hours, at a 
certain speed, and a certain output ; it shall have a certain capacity of 
excess, and so on. In short, the machine must be of permanent 
character, built for vears of continuous service. With a stationary motor, 
similar requirements exist. It must be a machine which, hour after 
hour, shall be able to deliver a certain horse-power. On the contrarv, 
whether it be because of a misconception of what electric railways 
demand, or because actuated by a somewhat unnecessary commercial 
instinct, the manufacturers of electric railwav-motors have adopted а 
unique method of rating. For example, we hear of motors of 50, 75,and 
130 H.P., the latter being probably amongst the largest of the units 
which are regularly built for railway service. These ratings mean little 
except that, for example, a 100 H.P. motor, railway-standard, can for an 
hour do 100 H.P. of work, and can stand a 50 per cent. excess of load 
for another ten minutes, but that is not, properly speaking, the rating of 
а railway-motor, as has been shown in а very interesting manner bv 
Mr. John Lundie, who has made a special study of the kinetics and 
requirements of heavy electric traction. 

Common sense teaches us that if the electric motor is put against the 
steam-locomotive, it must be a machine capable of equal continued 
service, and it should be rated in a general way the same as anv other 
electric machine, on its average, as well as its special, capacity. На 
small railway-motor is rated in a certain way by the hour-basis, a larger 
one tested under the same conditions has a fictitious and excess rating 
compared with the smaller one. Speaking generally, any steam ог 
electric railway-motor should have as a measure of its rating what it can 
do hour after hour on active service. 

Looking at Table IV., there seems to me to be a rather curious series 
of figures, and I quite agree with Mr. Hudleston that they are under- 
estimated in the matter of actual Н.Р. required. Тһе method of deter- 
mining train-miles per hour by multiplying the trains passing a given 
point bv the running speed is erroneous. 

What is an electric locomotive? It is simply an assemblage in 
which is localised a multiplicity of motors, generally four motors on 
four drivers, the motors being built to fit spaces which, because of thc 
conditions under which the motor has to be operated, arc restricted bv 
wheel dimensions, wheel base, track gauge, distance between whecl 
seats, transom and axle, and there isa very definite limitation to the 
size of a motor so determined. То illustrate this fact, take, for example, 
one of the largest types of motors now built, rated at 160 Н.Р. For 
continuous service, and with an excess of temperature of say 75? С. 
above the surrounding atmosphere, it can stand about 35 kilowatts of 
continuous average input, or develop an average of, say, до Н.Р. 
available for effective traction. | 

I think that it is safe to say that the electric locomotive will not 
generally take the place of the steam-locomotive. If a stcam-railway 
adopts electric traction, it must radically change its service; it must 
adopt smaller train-units, complete within themselves, operated inde- 
pendently, or in combinations making up longer trains. Then one 
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must do what is done with a hand-controlled locomotive, use а multi- 
plicity of motors, but a greater number, distributed on the different cars 
or motor-car units. As soon, however, as this condition is determined, 
direct hand-control must be wholly or partly abandoned for general 
work, and the motor equipments put under a secondary control. We 
have to face the very practical fact that we cannot, without unnecessary 
restriction, compress upon a single unit the power that is necessary to 
do the service that is done by a steam-locomotive to-day. І of course 
do not agree with the last speaker that an electric motor can be built of 
half the weight of the steam-locomotive, that is if it is to do equal 
service ; but it is perfectly possible—and it is being done every day—to 
consohdate any number of units equipped with any required amount of 
power, under a common control. 

It is not sufficient reason for adopting electric traction to say that 
vou can save some coal, for in manv instances, especially with long 
trains, I question whether you can save a dollar's worth. The question 
of coal is a secondary one. What is all-important is capacity for 
increased speed, and the making of train-lengths and train-intervals 
subject to the will of the train-manager—in short, the ability to get and 
to accommodate trattic and service. I repeat that the electric locomo- 
tive on а trunk-line service has not a promising future. That service 
itself must be changed with change of motive power. The question 
reduces itself simply to the number of units which are in operation 
between two points. If the units are few in number, electric appli- 
cation is not generally to be considered. As the number increases 
sufficiently, then there will be a field for electric application, and then 
only. 

Professor C. А. Carus-WILson : There are, іп my opinion, three 
reasons why the supersession of steam by electricity on the railways of 
this country will take place first, not on the main lines, but on the 
branch lines. | 

In the first place, the branch lines, or, іо Бе more specific, the cross- 
country lines, as distinguished from the main lines, are the least profit- 
able part of any great railway system. And ѕіпсе it is the wisdom of 
economic railway management to ascertain what is the least profitable 
part of the system, and make it, И possible, more profitable, it will 
always be to the interest of the great railway companies to endeavour 
to make the branch lines pay better, in comparison with the main lines, 
than they do now. 

A few figures will show that the branch lines are, as a rule, far less 
profitable than the main lines. Taking the Board of Trade Returns for 
1899, we find that for the Midland Railway the average profit per 
passenger train-mile is about tenpence. Taking the average number 
of trains per day, each way, on branch lines, as six, the profits from the 
passenger service per mile per day is five shillings. Оп a main line, on 

the other hand, the number of passenger trains each day might be taken 
at thirty each way, making the profit per mile each way twenty-five 
shillings, five times that of the branch lines. No doubt this is a rough 
estimate, but it is probably not far from the truth. Hence in consider- 
ing the possible economy to be effected by the introduction of elec- 
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tricity, it will be more to the interest of the companies to endeavour to 
make their branch lines more profitable, than to make changes on 
their main lines, which are at present relatively very remuncrative. 

The second reason I would give for cross-country lines being dealt 
with first is that the cross-country lines are mainly responsible for the 
unpunctuality which is such a feature of our railways. I cannot attempt 
to establish this statement fully here to-night, but may put it briefly 
thus. The limited traffic on the cross-country lines does not admit the 
provision of a staff adequate to deal with the traffic. If the traffic were 
spread out over the whole working day the staff would be sufficient, 
but it comes all with a rush at infrequent intervals, the result being 
delay and unpunctualitv, especially during the holiday seasons. 

The infrequent service and the unpunctuality on branch lines has 
made cross-country travelling most unpopular, with the result that 
these lines are now being menaced bv the tramwav systems which are 
being projected in all parts of the country. "This is a third and most 
powerful reason why railway managers will be obliged to consider 
seriously the possibilities of clectricitv on branch lines. 

The remedy for the unpunctuality and the unpopularity of the 
branch lines is to bc found in a more frequent service. To make 
proper connections with the main-line trains the service on the branch 
lines should be increased from an average of six trains cach wav рег 
алу to at least twentv-four—that is, а half-hour service instead of a 
train every two hours. The question is, can this be done bv electricity 
at a profit ? 

To answer this question, we must know how much each mile of line 
contributes as profit, from its passenger service, to the general revenues 
of the railway, and also how much each mile must carn in order to pay 
its share of the fixed charges, such as maintenance of permanent wav, 
etc. We shall probably not be far wrong in taking five shillings per 
dav-mile as profit, and cleven shillings per dav-mile as the contribution 
towards the fixed charges on a branch line with six trains each way рег 
dav. If, now, the running cost per passenger train-mile, that is, the 
locomotive charges and the guard's wages, be put at elevenpence, a 
traffic equal to 264 third-class passengers will be required per day-mile 
each wav. We тах, then, take this to be the traffic on a branch line as 
at present run by steam. | 

For a service of twenty-four trains per day the fixed charges and 
the profit per day-mile will remain the same, if the branch is to yield 
no morc and no less profit than. before, but the running charges will 
increase in proportion to the number of trains, and for twenty-four 
trains will require an income of 24 X її, or 264 pence per day-mile, 
which, added to the fixed charge, makes 462 as the required number of 
third-class passengers per dav-mile—that is, an increase of 75 per cent. 
in the traffic as compared with that required for six trains per dav. 
'The traffic must exceed this if the altered conditions of working are to 
yield an increased profit per mile. 

Now the whole difference introduced bv electrically driven trains 
is that the running charges are less. If motor-cars with substantial 
trailers are used, as оп the Burgdort-Thun line, weighing, sav 50 tons, 
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with only a conductor and motor-man, the running charges should not 
exceed sixpence per train-mile. Taking this figure, we find that the 
number of third-class passengers required to yield the same profit and 
hxed-charge income per day-mile as before is 342, or an increase of 30 
per cent. over the existing six-train service. Nowa service of twenty-four 
trains each way per day might safely be relied upon to induce an increase 
of traffic of 30 per cent. over that of asix-train service. Anything beyond 
this will increase the profit per mile; thus an increase of 52 per cent. 
in the traffic would double the profit on the line, and an increase of 75 
per cent., which with steam-driven trains would not augment the profit 
at all, would result іп a trebling of the profits. 

The right course, then, seems to be to begin on the branch lines 
frst, to break up the system of infrequent and heavy trains hauled by 
steam locomotives, and substitute lighter trains running at least four 
times as frequently, driven by electric motor-cars. The increased 
traffic would be handled with far greater ease than the existing traffic, 


Number of sub-slations in 50 miles 
Fic. А. 


because it would be more distributed over the whole day, The service 
would be punctual and popular, and with these advantages there is 
little reason to doubt that it would be profitable. 

Мг. А. P. TROTTER (communicated) : Mr. Langdon has treated the 
problem on broad fines, and has not obscured it by detailed considera- 
tion of special points. It is quite sufficient for his purpose to assume 
five sub-stations, without proving that this number is better than four 
ог six. Since he does not give data from which such proof might be 
established, апа since I have no such data at hand, Г do not propose 
to criticise his assumption, but to make some general observations on 
this point. 

If the number of sub-stations on a fifty-mile line be increased, the 
first cost and. sub-station labour cost will be increased, the load-factor 
of each will be smaller, and the ohmic loss in high-pressure feeders is 
increased, but the much more important loss in the working conductor 
is reduced, and this conductor might be reduced in size and cost; and 
the pressure is more uniform. If the number of sub-stations be reduced, 
the first cost and sub-station labour cost is reduced, the load-factor will 


Prof. Carus- 
Wilson. 


Mr. Trotter. 


Мг. Тгоцег. 


Мг. Tvler. 


130 LANGDON: STEAM Г. ELECTRIC LOCOMOTIVE. ‘Dec. 6th, 


be greater, while the ohmic loss is increased up to the limit when no 
sub-stations are used. The working conductor would have to be 
increased to avoid excessive fall of pressure, but this case can hardly 
be said to have even that indifferent kind of interest known as academic. 
All of the factors have a monetary value, except the variation of pressure 
to which no such value can be easily assigned. "That uniformity of 
pressure is important in some cases is proved bv thc large number of 
sub-stations on the Burgdorf-Thun line, but these are inexpensive and 
require no labour. 

Given the necessary data, the conditions for minimum total cost 
(capital and working) may be calculated. Differential calculus will 
show the exact number, which is of little interest and no use. Plotting 
afew examples on а curve (Fig. A) will show whether the curve has a 
sharp or a flat bottom, It will probably be found that the bottom is flat 
cnough to allow several external considerations, such as choice of site 
and neighbouring gradients, to influence the decision on the number of 
sub-stauons. 

It is probable that the number of sub-stations indicated bv the mere 
question of cost will vield a sufficiently uniform working pressurc. [n 
tramway work the uniformity of pressure generally takes care of itself, 
and is the outcome of other conditions. But such conditions may per- 
haps show that a uniform working pressure is difficult to attain in rail- 
way work. It is said that for three-phase motors no large reduction of 
working pressure is safe, but for continuous current, considerations of 
economy and of speed allow no little latitude. It is obvious that it 
does not pay to level a railway through undulating country, gradients 
are inevitable, and they control the speed. How far will it pay to level 
the working pressure? If economy demands widely spaced sub- 
stations, variation of pressure on the working conductor and conse- 
quent variation of speed may be a feature of the railway practice ot 
the future, There is a good deal of difference between the maximum 
safe speed and the economically best speed on a well-built linc. [t 
тау be an economy to space sub-stations more widely on level 
country, and, with suitably designed motors, to allow much larger 
variations of working pressure than are to be found in modern tramway 
practice. 

Mr. E. Н. TYLER (communicated): I beg to share Mr. Hudleston's 
opinion that the clectrification of main railway lines is not at present a 
promising field of clectrical development. In any case the suburban 
and cross-country lines have an overwhelming claim to be treated first. 
But there are objections to such a sweeping change as the electrical 
equipment of our main lines which, I believe, have not yet been men- 
tioned. In most European countries the railways, if not actually 
Government property, are under their close control, it being recognised 
that railways are part of the national scheme of defence. 

It will not, I suppose, be pretended that an electrically equipped 
line is not more liable to be disabled than a steam line. Тһе charac- 
teristic of the breakdown of a svstem supplied from a central source of 
energy is general paralysis as distinct from local injury. 

There are many main lines in England that are subject to floods, 
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and it is obvious that it would be easier to throw an electric railway out 
of gear than a steam line. 

These serious considerations, as well as there being no reallv press- 
ing necessitv for the change, lead me to believe that the electrical 
equipment of our main lines is not yet within sight. The frequent 
reference to the Burgdorf-Thun railway as an example of main-line 
electrical traction is misleading. It is afull-gauge passenger and goods 
line, but in no sense is it a main line such as the Midland or Great 
Western. 

Major Cardew's account of the three-phase line at Buda-Pesth was 
most interesting, especiallv his reference to the placing of the motors 
in series at starting and during retardation. It is not easy to see how 
this arrangement can return current to the line, inasmuch as the energy 
returned must be of the same periodicitv as the line. But in any case 
the return of energy can only be carried down to half speed, whereas 
with continuous currents the regeneration can be continued until the 
train has nearly come to a stop. 

Ав regards Mr. Sprague's remarks on locomotives, it is, as he points 
out, almost entirelv overlooked that the power that can be exerted on 
the axles of a locomotive is strictly limited bv the dimensions of the 
gauge and the permissible length of the wheel Базе. The claim of Mr. 
Sprague’s multiple unit svstem is that a train composed of traction 
units shall have the same tractive characteristics as a single unit. 
Applying this test to railway trains, I would ask Mr. Sprague what he 
considers a railway unit to be. Obviously not one coach. If we take 
one half of an ordinary train to be a railway unit, and provide a loco- 
motive of suitable weight and power to draw that unit, it follows that a 
full train of two units can be drawn by two locomotives coupled and 
controlled as one, with the same characteristics of speed and torque as 
the single-unit train. That appears to me to Бе the true solution of the 
principle of multiple unit control, rather than the multiplication of 
motor coaches. It cannot be forgotten that the adoption of motor 
coaches entails a wholesale scrapping of rolling stock which no com- 
pany will care to face. Moreover, for many years the service on 
electrical lines must necessarily be a mixed one, or at all events through 
traffic will have to be provided for. The electrical locomotive, although 
not an ideal application, seems therefore to be a necessity. 

Mr. Н. А. HuMPHREY (communicated): It is admitted that the 
supersession of the steam by the electric locomotive is primarily one of 
costs. Table V. giving the cost of generation and distribution of 
current, is therefore of vital importance, and should have received 
special care ; yet I regret to find it is the most disappointing part of 
the paper. 

The first inspection of the table would lead one to say that the cost 
of generating a kilowatt-hour had been taken at 0`15744.. This, how- 
ever, is not so, for the cost of oil, waste, and sundries is placed at the 
bottom of the page, and is not included in the total along with coal and 
water, although the one is as necessary to the engines as the others. 
Then there is no item for repairs and maintenance of the gencrating 
plant included in the table, and in seeking for this important item we 
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be greater, while the ohmic loss is increased up to the limit when no 
sub-stations are used. The working conductor would have to be 
increased to avoid excessive fall of pressure, but this case can hardly 
be said to have even that indifferent kind of interest known as academic. 
All of the factors have a monetary value, except the variation of pressure 
to which no such value can be саз Шу assigned. That uniformity of 
pressure is important in some cases is proved by the large number of 
sub-stations on the Burgdorf-Thun line, but these are inexpensive and 
require no labour. 

Given the necessary data, the conditions for minimum total cost 
(capital and working) may be calculated. Differential calculus will 
show the exact number, which is of little interest and no use. Plotting 
a few examples on a curve (Fig. A) will show whether the curve has а 
sharp or a flat bottom. It will probably be found that the bottom is flat 
enough to allow several external considerations, such as choice of site 
and neighbouring gradients, to influence the decision on the number of 
sub-stations. 

It is probable that the number of sub-stations indicated by the mere 
question of cost will vield a sufficiently uniform working pressure. [n 
tramway work the uniformity of pressure generally takes саге of itsclt, 
and is the outcome of other conditions. But such conditions may per- 
haps show that a uniform working pressure is difficult to attain in rail- 
way work. It is said that for three-phase motors no large reduction of 
working pressure is safe, but for continuous current, considerations of 
economy and of speed allow no little latitude. It is obvious that it 
does not pay to level a railway through undulating country, gradients 
are inevitable, and they control the speed. How far will it pay to level 
the working pressure? If economy demands widely spaced sub- 
stations, variation of pressure on the working conductor and conse- 
quent variation of speed may be a feature of the railway practice О! 
the future. There is a good deal of difference between the maximum 
safe speed and the economically best speed on a well-built line. It 
may be an economy to space sub-stations more widely on level 
country, and, with suitably designed motors, to allow much larger 
variations of working pressure than are to be found in modern tramway 
practice. 

Mr. E. H. TYLER (communicated): I beg to share Mr. Hudleston’s 
opinion that the electrification of main railway lines is not at present a 
promising field of clectrical development. In any case the suburban 
and cross-country lines have an overwhelming claim to be treated first. 
But there are objections to such a sweeping change as the electrical 
equipment of our main lines which, I believe, have not yet been men- 
tioned. In most European countries the railways, if not actually 
Government property, are under their close control, it being recognised 
that railways are part of the national scheme of defence. 

It will not, I suppose, be pretended that an electrically equipped 
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controlled as Оле, With the same characteristics of speed x nion dí the 
the single-unit train. That appears to me to Бе the true pn 222 
principle of Multiple unit control, rather than the multip p P 
motor coaches. It cannot be forgotten that the е onu 
coaches entails a Wholesale scrapping of rolling stock whic à І ои 
ралу will саге (0 face, Moreover, for many years n iis through 
electrical line; must necessarily be a mixed one, or at all events hough 
trafic will have to be provided for. The electrical осоо ea 
not an ideal ‘PPlication, seems therefore to be a necessity. d that the 
Mr. H. A, CMPHREY (communicated): It is admitte сно, 
supersession of the steam by the electric locomotive IS LE of 
Costs. Table V giving the cost of generation and dis j seceived 
ore of vital importance, and оша dn part of 
l regret to find it is the most disappointing 


Current, is theres 
special care; yet 
the paper, 

The first ins 
of generating a 
хет, is not so, f 
bottom of the р 
water, although 
Then there is no 
Pant included in 


А st 
Péction of the table would lead one to sav t bows 
kilowatt-hour had been taken at 0715744. а at the 
or the cost of oil, waste, and sundries 15 e and 
age, and is not included in the total along о о. 
the one is as necessary to the engines a 5212 
item for repairs and maintenanc ыы = zi item we 
the table, and in seeking for this importan 
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find that no definite figure is anywhere given, but it is dealt with along 
with the locomotive charges. 

As a matter of fact Mr. Langdon's figures for the cost of energy 
from a steam-driven central station cannot be considered as consti- 
tuting a safe basis for calculation. I have studied the question in this 
country, on the Continent, and in America, and have obtained figures 
at first hand from the chief engineers of large American traction 
stations. Аза result I entirely endorse Mr. Cunningham 's statement 
that 0.254. per kilowatt-hour is the limit at present practically attain- : 
able in a steam-driven plant. In the case of one of the largest elcctro- 
lytic plants in this country with the best modern engines and boilers 
and cheap coal, this figure was not quite reached even with roo per 
cent. load-factor and in a year of cheap coal. The figures for the vear 
in question were given to me by the engineer, and included no fixed 
charges. One of the most reliable statements of costs I know of is that 
given Бу Мг. В. W. Conant in his paper on “ Cost of Electric Power 
for Street Railwavs," read before the “ America Street Railway Associa- 
tion" in September, 1808. Mr. Conant examines and tabulates the 
costs from forty-four of the large traction stations in America, and he 
found the lowest operating cost per kilowatt-hour at the switchboard 
was 0'52 cents. (o'26d.). Mr. Conant describes a “ standard station,” 
and gives a standard set of figures as being the best practical. These 
figures come out at 0°58 cents. for operating cost and 0'405 cents. for 
fixed charges, making а total of 0'985 cents. (0'49d.). The load-factor 
is taken at 321 per cent., and the following statement 15 made :—‘ As 
this station is described its performance may seem to border on the 
ideal, and there is no question but that its performance is consequent 
on favourable circumstances, very nearly, we may say, test conditions." 

To reach figures much below these a radical change is necessary, 
and as one attempt at the solution of the problem I would direct 
attention to the use of large gas-engines and Mond gas-producers. The 
Mond plant employs cheap bituminous slack, and recovers the ammonia 
in such large quantities as to allow a profit of 4s. 6d. per ton of slack. 
after paving all expenses in the working of the plant. As this subject 
is fully dealt with in my papers before the Institution of Civil Engineers 
(1897) and the Institution of Mechanical Engineers (Dec. 14, 1909) Г. 
need say no more about it, but desire, in concluding these remarks, to 
add my thanks to Mr. Langdon for his most interesting paper and the 
mass of information it contains. | 

Мг. Т. В. О. KENNY (communicated) : Ц has been suggested by two 
or three speakers that Mr. Langdon has under-estimated the amount of ` 
power required to work his trains by taking as his tractive effort per 
ton the low figures given by the formula at the foot of Table IV. 

I am a little surprised, however, to find that none of those who have | 
had an opportunity of speaking have drawn attention to the fact that 
Mr. Langdon has provided power for only about two-thirds of the — 
trains, which, according to his figures, must be on the section of linc at 
onc time. 

His whole estimate is based on the assumption that there are only 
fourteen trains between London and Bedford requiring power at the 
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me instant; but taking the figures given in columns 4 and 5 of 
Table У, it will be seen that there must be about twenty-one trains 
mening at onc. The fourteen trains distributed on а tfty-mile 
action of line could not pass a given station in one hour ил[сзз the 
erase speed of the trains were fifty miles per hour. The express 
Tans have this speed, and it is correct to assume that there are only 
(сє of these trains on the fifty-mile section when three pass per hour. 
But take the case of the goods trains with a speed of twenty-five miles 
хт hour. Each train takes two hours to traverse the section, and as 
ote trains Pass à given point per hour there must clearly be ten trains 
n the section at a time. 

Taking the other figures in columns 4 and 5 of Table PV. in the same 
“ay. we have at any time on the hfty-mile section— 


3 Express passenger trains requiring 1,008 kilowatts. 
312 Ordinary 


! » ”, 425 n 
57? Express goods у М 1,257 
10 Ordinary |, 2 А L370 » 


ЗОЗ a total of 21-8 trains, which are taking 4,120 kilowatts at the 
es and—taking Mr, Langdon's over-all efficiency—requiring about 
7000 kilowatts Output at the generating station as against 5,000 kilo- 
Watts allowed for in the paper. 
has been Pointed out in the paper that the conclusions arrived at 
и not be atfected by any small variations in the service, since they are 
ns “Cost per train-mile.” At first sight, then, it would secm that 
ан “nl. larger generating station entailed would only aftect the 
ешо the undertaking, and be of little consequence. As à 
phe 9. however, since the slowly moving trains form a larger 
уу С the total on the scction than in Ше original cast, d 
“ of about 9 per cent. inthe figure for “ K.W. per train," and of 
кш K.W. hours рег train-mile" is effected. There should 


à be a slight Saving in the cost per kilowatt-hour due to the increased 
меді generating station. 


ех adar. i A K 4%: 
быға Ы "Pderations will better to some extent the figure given— 
70210, per train-mile—for 


| cru 1 PRA. | ; бо srest 
ing paper, the electrical case іп Мг. Langdon's interes 


Ки 1. бешоо (communicated) : Mr. Langdon, in his highly 
advantages " Interesting paper, has shown the many econoniical 
Шыр. at will accompany the employment ot clectricity upon 

ош has probably occurred to a good many members that 


the advantage Which will appeal most strongly to the travelling public 
ts that of Increased safety 


. Гтеѓег to the possi 
line when the si 

ibuting са 
lope that work 


bility of cutting off current on any section of the 
gnal is against the train. The switches coupling up the 
ble to the contact rail can be operated by the wire 
5 the signal, 
о 9г some rough form of pressure indicator, connected 
re е contact and return rails, fixed immediately over each lever 
кө `ignal-box, would inform the attendant whether the switches 
"6 acting properly or not ; the latter an unlikely occurrence, but 
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still to be guarded against. An indicator connected to the neare 
sections of line controlled by the two neighbouring boxes would aut 
matically inform the attendant whether his neighbours’ sections we 
clear, whether current was in them, and if so, whether a train was pas 
ing, shown by the drop on the indicator. Practice only could determi 
whether the pressure should be kept off the contact rail except whc 
а train is due ; if it were not found advisable, provision could be mac 
for the lever to work the signal alone, or both signal and switch ; but ther 
is no doubt that a great amount of leakage, especially in time of rai 
and snow, could be avoided. Absolutely to deprive the locomotive « 
its source of power when the signal is against it seems to me about th 
most effectual “ block” system that could be put into use. 

Мг. Е.Н. VARLEY (communicated): In the first place, I feel we ar^ 
all much indebted to Mr. Langdon for his very valuable contributio: 
It seems to me that the question is purely a commercial one : Will it b 
more profitable to use the electric locomotive, and will the гаа 
companies be justified in replacing their steam locomotives by th 
new mode of traction? To my mind, everything points in tha 
direction. 

Mr. Langdon deduces а saving of 1922 pence per train-mile—say 
2r4 рег cent. Now we are informed by some of the speakers in thi: 
discussion—It is impossible to improve upon the economies now 
obtained in the steam locomotive, and it is quite impossible for elec- 
tricity to compete with the present system. I share with most people 
in their admiration of the wonderful amount of applied science and 
mechanical skill which has improved the pioneer engine designed by 
Stephenson. Тһе highest engineering mathematician's acumen, along 
with the mechanical engineer's constructiveness, have been brought to 
bear and are continually being requisitioned, and we naturally look 
upon the steam locomotive as а perfect piece of engineering construc- 
tion and design. We are asked to compare this perfect machine with 
the pioneer electric locomotives, and it is not surprising that the verv 
perfect steam locomotive, the best results of applied technical know- 
ledge and manipulative skill, should not have it all its own way when 
contesting with the pioneer electric locomotive. The pioneer electric 
locomotive has come to stay, and will doubtless advance in development 
in the same way, as experience is gained by practical work. Electric 
railways, to compcte with steam locomotive lines, will have to be 
worked from a difterent standpoint—more frequent trains and a reduc- 
tion in the number of carriages per train ; because long trains going 
long distances at long intervals carry very few passengers per train- 
mile. Hence arises the great waste of power in drawing heavy rolling 
stock, weighing зау 300 to 400 tons per train, out of which not 25 per 
cent. 15 the weight of the revenue-earning passengers. In long-distance 
trains how often is it that they do not carry а full load, or anything like 
a full load. It is no unusual thing for a train to leave the terminus 
with 25-50 or суеп 65 per cent. of its passenger accommodation 
unoccupied. Now electric traction favours short trains despatched at 
more frequent intervals, with proportionate decrease of the dead weight 
oí the rolling stock, and a larger percentage of passengers per train, 
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üerefore a larger profit, while securing a greater amount of patronage 
ov the greater facilities offered for travelling. 

A locomotive is undoubtedly а most magnificent monument of 
mman skill, but I defy it to make а profit by drawing hundreds ot 
was of rolling-stock without any passengers ог goods; and yet this i> 
Fractkally done in a greater or less degree by all railways. Take, as 
^X example, early workmen's suburban trains to town, crammed to 
“ercrowding, The total weight of passengers would not exceed 47 to 
30 tons: the rest of the load is that of the rolling-stock. The same 
Zun returns Practically empty, still the heavy draught of the rolling- 
tack has to be borne by the steam-locomotive. Take the up and down 
Surev of such train together = but 5o per cent. of its passenger 
accommodation, | 

Mr. Langdon has fully set forth the economy of stationary a> against 
‘J itinerant generator, Now electric traction is specially adaptable for 
working short trains, which means a greater proportion of dr acca 
sarang load to that of the unproductive load of dead weight of rolling- 
"cs. in the dealing of which the electric system must in the long run 
Prove far more economical, | 

Mr. А. “ЧооковеЕ MANTON (communicaled? ; As 1 have been in- 
terested in the design of steam-turbine-driven. locomotives, which 
Pow many advantages in common with the modern clectric 
Aachines, | have been much pleased to have this valuable paper. I 
коде Ше to draw attention to these special and some other mechant- 
ы advantage; of the electric “ engine " (and its power-house). 
он It is electrically а combination of 4, 6, or 8 motor-units, the 
lure of one of two not causing complete, and delaying, breakdown ; 
шег, these units may be grouped in series or parallel to тесі the 
FeNstanee and speed conditions, The same alternation can be made with 
© Teeter, the power-house plant. I presume that, later, a large pro- 
portion of the Bravitation-energy (now worse than los in. descending 
long or Меер gradients will be electrically recoverable in а simple 
Manner, and returnable to the transformer stations, or for use in a motor 
at the lime absorbing current. 

(2) The Power—that is, tractive effort—is not dependent on English 
каш, on Ше maximum heating апа grate surfaces, wheel 
s ISO on the cylinder- and valve-chest room between the frames. 
* Power-house steam cylinders can be efficiently. jacketed, white 
ти на Steam locomotive cannot be so assisted. There is a 

a reciprocating parts transmitting large efforts, especially of 
чы Ойпесйпд and eccentric rods, апа “ side” rods, and а replace- 
ment by parts rotating uniformly in constant direction: and the absence 
и connecting and eccentric rods and crank-webs allows of ample 
bearing Surfaces, 
ee ee п rri айм де 

al being much lighter for sam 
pull there is, and Consequently, less rail-wear (with absence of rail- 
Shock due to want of horizontal and vertical balancing in reciprocating 
scam Practice), greater wheel- base flexibility for high - powered 
machines, and ло dependence of adhesion on inefficient “ side " rods. 
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(4) The absence of injurious products of combustion will mucl 
increase the life, and decrease maintenance, of tunnel rails and the 
tunnels and bridges themselves. 

(5) The greatest possible paying load to be moved on the maximun. 
gradient of a section being independent of loading gauge and rigic 
wheel-base, the hour tonnage сап be readily increased without fear o! 
blocking scheduled traffic, and without resorting to enormous capita. 
increase in acquiring land апа widening ways and works. 

(6) The moving parts being few with constant direction, shop repairs. 
renewals and maintenance should be much lessened, especially in 
labour ; all wheel-axle-armature units may be identical and interchange- 
able in а short time (by clectric-lift pit under rails), the difference 
between locomotives for various duty being made as far as possible in 
winding and number of axles. 

For tunnels, repair-shop roads, and points liable to floods, side 
overhead trolley contact might be arranged. Undoubtedly much 
cheaper coal сап be converted іп the power-house (in absence of gas 
system even) Шап with the restricted fire-box locomotive design, апа 
this coal can be more cheaply transported in large constant quantities 
to the fewer points. I think the author has rather, therefore, under- 
estimated the power-house electromotor economies; and the Italian 
long-distance installation results will be very interesting (although 
tonnages will probably be relatively low). 

With reference to cost and coal consumption, in one of last years 
magazines I noted that the total costs per ton-mile, including statt 
aud repairs, were o'152d., 0'1714., o'rgod., on the Brooklyn Elevated, 
average American steam practice, and Manhattan Railway respectively 
(124, 138, 153 per cent.), against o'124d. (100 per cent.) on our Liverpool 
Overhead Railway (electric), which latter is probably hardly now 
modern practice. Also it was stated that coal consumption ratio on 
train-mile basis was eee ; and that the greatest power-house and 

41 stcani 
motor coal consumption per axle per hour was about 7y per cent. of 
best steam practice. I should be glad if the author could give morc 
modern figures on those points, where it may be said that the traffic and 
resistance conditions make it comparable. 

Mr. А. M. TAYLOR (communicated): Though it may be considered 
by some as undesirable, іп a paper of this nature, to criticise details, 
yet, unless the premises be correct, wrong conclusions may possibly 
be formed. 

First, as to traction resistance. It may be presumed that, in 
measuring tractive resistance, the locomotive engineer will select аз 
level a piece of the line as possible on which to carry out his tests, 50 
us to avoid corrections due to grades, etc. His principal object is to 
determine the best performance he can get out of his locomotive in the 
way of specd, and the coal bill does not concern him to the same extent 
as it does the clectrical engineer, whose principal object is to prove the 
cconomy of electric traction. We may then, perhaps, safely assume 
that losses due to the braking of trains when descending gradients do 
not enter into the determination of tractive resistance. "This matter 15, 
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ot Course, of less importance on railways than it is on tramways, on 
vrch values Varying from 095 Board of Trade unit per car-mile to 
ср B.T.U. have been experienced, due to this cause, with the same 
че Ct cars, Let us see whether it is a negligible quantity on main- 
7X railways such as we are considering. The average running speed of 
Mr. Langdon's trains is about 34 miles per hour, and the tractive resist- 
axe for the level may be put at 7 lbs. per ton, taking his own figure. 
X long as the down gradient does not exceed s$5 Or, зау, 16 feet to the 
24°, it may be considered. as compensating the up gradient; but if 
21 Emit be much exceeded it will be necessary to apply the brakes. 
[1 the route from London to Bedford and back араш (100 miles) it is 
ге that there may һе as much as то miles of track, in the aggre- 
ste, where the gradient exceeds т, giving a total drop of 320 tect, 
axd 160 feet of this is irrecoverable lost energy. И is true that this 
‘eld only amount to some 25 watt-hours wasted at the generating 
“2100 for every ton-mile hauled; but if the gradients were much 
серег, or longer, than 1 have assumed, the case would be ver y ditterent. 
А И is, it adds nearly 10 рег cent. to Мг. Langdon's figure of 26 watt 
IE per ton-mile for the tractive resistance alone. It would be 
teresting to know What are the actual conditions on the line in 


Weston, Мг, Raworth has given us an estimate of the additional 
[Wer required for st 


dent of that Wasted o 
Th loss, ; ems to me to be low. 

| load-factor. Mr. Гаске has referred to the 
Же of the hourly Variations of load on this question. But what 
to is that the variations in the output from 
* also no slight effect on the load-factor. The 
| | sidered 15, comparatively, quite small—only 14— 
end the tluctuations should be pretty considerable, especially when we 
“member that goods trains (with their frequent stoppages and starts) 
та a large Proportion of the total weight to be hauled. Taking 
stades and everything into account, it will be surprising if, for an 
"trage load during 24 hours of 5,000 kilowatts, we do not require 
Plant in the Station of 8,000 kilowatts, while that of the rotary con- 
"rs and step-down transformers will be nearly 1,000 kilowatts 
“Pacts ‘excluding spar es). Bearing in mind that the efficiency of the 
temes and of the electrical plant falls off, after a certain point, more 
Шу than the Output diminishes. we can easily understand that, for 
ағаш output о 5000 kilowatts, {һе all-day efficiencies cannot Бе 
“ЗВ higher than assumed by Mr. Langdon. I think one or two of 
* speakers seem (0 have hardly appreciated this point. 

Lastly, I wish to ‘ay that I quite agree with Mr. Field's reported 
marks as to the incorrect number of trains on the line ; which do 


0f Yee. + : Тұл 
Mt owever, vitiate those of Mr. Langdon's figures which are based 
on Uain-mileage only, 


. Mr. REGINALD Wo 

à having this im 

Zay Companies, 
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OD (communicated) : The Institution is fortunate 
Portant matter brought before it from within the rail- 


congratulated on having been content to 
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Mr. Wood. make only a modest claim in favour of electric traction on the grea 


railways, as no doubt the greater economy will only be achieved whe: 
the service takes advantage of the electric supply to alter its methot 
somewhat, and to sell current ел route. 

As I take it the author desires that the discussion should show tha 
his paper has been critically examined, I will mention what appears tı 
me to be an omission in his statement, but as I shall point out a remed: 
the objection will disappear. It does not appear to me that the autho ` 
claims all the economy he might in shunting. 

The omission is that no mention is made of the kinetic energy o 
the trains. If every train stops once in a quarter of an hour we hav 
practically one train starting every minute. This would demand ai - 
extra 1,000 kilowatts working continuously with a corresponding 20 pe 
cent. increase in the coal bill. There аге no data in the paper to enabl: 
one to state definitely whether this extra power should be 500 or 1,50 
kilowatts. But there is, of coursc, no doubt that this is a most importan 
matter, though it may be of more importance in suburban traffic. Any 
how, the remedy is to brake the train by returning the energy back tı 
the contact-rails. АП that is required is to substitute for the resistance 
in the series-parallel control a dynamo carried on the locomotive anc 
coupled to another dynamo suitably connected. It gives the incidentas, 
advantages of smooth starting and stopping, and the attainment of any, 
electric pressure desired at any point. That is, the electric pressure 7 
on the locomotive is under the control of the driver. He can в 
excess pressure if he wants it. It also gives the advantage of saving , 
the energy usually lost over thc resistance and a great part of that los 
in transmission. 

This is a matter rather more than of mere detail. If there is а 
serious objection to absorbing the kinetic energy of the train by a 
brake on the locomotive in front of the train, a good case can be made 
out for redisposing the motive power. Тһе description of this con ' 
troller is to be found in Patent Specification 23,854 of 1894. The suc- " 
cessful inaugurator of main-line electric supply will have earned a 
nation's gratitude. 

Мг. W. Н. MERRIMAN (communicated) : There is one point which 
has not been mentioned in the discussion on Mr. Langdon's paper, viz., 
the extra precautions, impossible on a steam railway, which may be taken 
to ensure the safety of passengers on an electric railway. А very large 
percentage of the accidents which from time to time occur on steam 
railways is due to engine-drivers mistaking the signals or running past 
them when at “danger.” It would be a comparatively simple matter 
to arrange switches in conjunction with some of the principal signals, 
each of which would cut out a portion of the contact-rail—say four or 
five train lengths—beyond the signal whenever it was at “ danger." 
Any driver then running past a signal set against him would have his 
attention at once called to the tact by the slackening in speed of the 
train owing to the current being cut off ; while, at all events at night 
time, the guard would also be warned of the danger by the extinction 
of the train-lights—presuming, as is probable, that these would be 
supplied with current taken direct from the contact-rail. It would, of 
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curse, be necessary to provide against the possibility of a switch being 
opened before a train had reached the end of that section of the 
Contact-rail which it controlled, in the event of the signal being raised 
‘mediately after the train had passed ; but this, I think, would otfer but 
‘Ew Practical difficulties, 


Mr. J. Browy (commumcated): D observe that engineers have 


ху been turning their thoughts towards the contriving of some 
vans to avoid the delav involved іп stopping ** local " trains at all the 
“vas, though only a fraction of the passengers wish to enter or 
“ght at any one ‘ation. The plan of which I send a sketch avoids 
зі» inconvenience, Provides a through train for every passenger from 
“iY siation to any other, and dispels all anxiety or doubt about alighting 
Ша wrong station ог being carried past the right one. А> ту scheme 
ШЧ be worked best by electric motors, and as steam loconiotives 


scold be quite inapplicable, it falls not inappropriately within the 
“Ope cf the present discussion. 

The sketch (Fig. B) is intended to represent an endless railway with 
coaches arrang | 


ed ready for starting the day's work. The coaches are 


Fic. B. 


on corridor type or like American vestibule Cars, so as to give a 
ац right through the train. Each coach has its own separate 
motor, and Сап thus run independentlv. A train consisting of, say, four 
седі» s ‘trom station А. Ав this train approaches station B, the 
"n anding there is started by the driver in charge of it, and 
Banic ‘Peed given to it to allow it to be picked up between 2. 
феер: 1 following train. This may seem difficult, but in reality 

woul по more difficulty in picking up a coach in steady motion 
4 in E à “ery day in running gently up to one at rest. It is mercy 
tion 9 relative motion, and with electric motors the speed would 
and quickly controlled. И necessary, an appropriately placed 
cach 4 “ould eliminate any possible risk at this point. 22. 
end and еп picked up, the driver of the train goes to its y H 
lie oth there takes control of the train, connection being made y. 
lakes ch таре motors for that purpose ; or the driver of coac ds 
italy sing the train, and the former driver goes to the rear co 
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much too low an efficiency in his motors and in his method of trans- 
mission throughout. For instance, he has taken the motors with 85 per 
cent. efficiency ; the ohmic loss in transmission at то per cent. ; leakage 
21 per cent. ; loss in rotary converters IO per cent. ; in static trans- 
formers 7 per cent., and in high-tension transmission 10 per cent. I 
think he might very well have assumed that he could get nearlv 
go per cent. in motors; a line loss of 5 per cent, even assuming 
that he has his insulation resistance as low as Mr. Walton put it. 
He could pet 97 per cent. efficiency іп his static transformers instead 
Of 93; 93 per cent. in his high-tension transmission instead of 90; and 
71:55 рег cent. over-all efficiency. instead. of the 58 per cent. he 
assumes. И, however, he adopted а three-phase transmission, elimi- 
nating altogether his rotary converters, and taking his own efficiencies, 
he could still obtain 62 per cent. instead of 58; this gain may not bc 
very great, but it is an addition of 4$ per cent. In taking the efticien- 
cies I have assumed, he could get 75 per cent. over-all, which will 
go very far towards reducing the coal bills that I am rather surprised 
the apostles of electric traction in this assembly are so very desirous 
of putting up. I cannot understand their object. Is it that thev are 
not readv to meet the case of electrical equipment of main lines of 
railway? It has been done on the Continent. As Mr. Swinton has 
mentioned, high-tension, three-phase transmission has been in fairly 
successful use on the Burgdorf-Thun Railway, and a higher voltage, 
four times as much as оп the Burgdorf-Thun line, is going to be put 
into use on another line next month, I hope. We shall then gain 
some information which will be useful, and although the station 15 а 
water-power station, I think it will dispose to a very large extent ot 
the suggestion of separate stations at intervals of every five miles. 
Not only will they save the attendance which Mr. Langdon has 
estimated for at every one of his sub-stations, but with generating 
stations, as Mr. Robinson suggested, for every ten miles (which, as 
Mr. Swinton has justly pointed out, will mean a station loaded for a 
few monients and unloaded for the greater part of the hour) there will 
be a coal consumption in excess of the figures which have been men- 
бопса by Mr. Walton and others. With a station every ten miles ог 
so you might just as well retain the present locomotives—indeed, і 
think it would be better to do so, because you would otherwise have 
the assistants not only on the locomotives but at the sub-stations 
increased in number. 

Mr. A. SIEMENS: [ would like to draw the attention of the meeting 
to the fact that the title of the paper is “The Supersession of the 
Steam by the Electric Locomotive,” while the discussion has now 
entirely branched off into a statement of the fact that where a line 
of railway has cleven or twelve trains per hour, it is cheaper to run it 
electrically than Бу steam. That, I think, we all know. Аз Professor 
Forbes has already pointed out, that does not want proving. Mr. 
Langdon can afford to give the £330,000 for his conductors, which 
I think is the proper figure, and he can afford to wipe off the coal 
saving, Which does not exist according to my idea, and still he will 
show a saving on such a line. But he proposes in his paper that the 
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Midland Railway Company, for instance, should go on converting its 
line gradually fifty miles bv fifty miles. Is he going to stop his Scotch 
expresses at. Bedford to change engines when he has completed the 
first stage? What also is he going to do on those portions of the 
Midland line where there are very few trains—only two or three per 
hour? I think what Mr. George Westinghouse said a year ago is still 
absolutely true, that for suburban traffic, for any trafic which has some- 
thing like ten or twelve trains an hour and upwards, it is natural that 
electric traction will come and that electric traction is the proper thing ; 
but for the long main-line trains, for those parts of the railway system 
where there are only a few trains per hour, I do not think there is any 
chance yet of introducing an economical system of electric traction. 

Major P. Сакрех : I think Mr. Walton and Mr. Hudlestone pos- 
sibly have been misled as regards this column in Table IV., Mechanical 
Horse-power per Train Hour. 

Mr. LANGDON : What I was desirous of expressing was the fact that 
that power was required for an hour. The table secks to reduce every- 
thing to an hour's work, and therefore the horse-power is not intended 
lo express exactly what is the maximum horse-power being used at any 
time in kilowatt-hours. 

Major CARDEW : I think that one important thing to notice in the 
tables given in the paper is the extremely small number of miles over 
which each locomotive is run in the week. I find from them that 
on the North-Western Railway they only use each locomotive for 314 
train-miles per week. Taking into consideration the time of the drivers 
and the firemen, the wages table comes out enormously high, and I do 
think a considerable economy is possible with electrical traction. Apart 
from the possibilities of absolutely reducing the emploves on a train 
(which, I think, is quite within contemplation, seeing that the work to 
bc done is reduced to practically nothing), there is much time lost 
by the steam locomotive before starting aud after returning to the shed 
and during the time it is taking in water and coal. I find that in most 
railways they allow three-quarters of an hour for the driver and fireman 
before starting, and the same time after the engine has returned to the 
shed. All these little items mount up. | 

Мг. Langdon deals with the traffic as it exists. И it were really in 
contemplation to equip a line electrically, no doubt it would be possible 
to find out how the service could be best suited to the new means of 
working, and the tendency would be to run shorter and more frequent 
trains. Then, with regard to the terminal stations. With motor-cars 
at each end of the train, it would be possible to clear the train out 
of the station in very much quicker time than it takes to shunt an 
ordinary train with a locomotive. Much could thus be saved. In the 
same way the goods traffic could be arranged on much better lines for 
clectrical working. I find that a great deal of use is now being made 
on the Continent of locomotives with accumulators for shunting pur- 
poses, and of course they fulfil a very desirable object. In shuntinp, 
neither power nor speed is required, but only a good horse, as it were, 
to drag the trucks about, and an accumulator locomotive does the job 
and saves a great deal of expense in the equipment of sidings. I may 
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say that I have seen the experimental line at Buda Pesth and closely 
studied it, and am quite satisfied with the working. The working is 
admirable, and by the arrangement of the three-phase motors in series, 
whereby they tend to halve the speed, a great economy is effected in 
the starting. The same thing comes into operation in the stopping ; 
the other motor is switched in in series, and the immediate effect is the 
return of power to the line. In that way the three-phase working cer- 
tainly has an enormous advantage over the ordinary continuous-current 
system. 

Mr. Ep. C. ре SEGUNDO ; The author has attacked a subject which, 
in my judgment, is destined in the near future to be one of national ini- 
portance, and I trust that he will accept my assurance that any remarks 
I may have to make on his figures are made with due deference to the 
opinions of one so much my senior in age and experience. First with 
regard to the important subject of coal consumption, Mr. Langdon has 
put down the figure of 3 pounds per kilowatt-hour. I have looked up 
some figures, and find that the consumption of coal per kilowatt-hour at 
the Central Station of the Dublin Railways works out to 271 pounds on 
the basis of the boilers evaporating 8 pounds per pound of coal. At the 
Dortmund Electricity Works it is 2:8 pounds per kilowatt generated ; 
on the Berlin tramways Ц 15 2:3 when using saturated steam, and with 
superheated steam 21. It must be remembered that these are test 
figures. I have worked out the average consumption of coal per kilo- 
watt-hour distributed on seven of the more important central stations 
on the Continent, including Berlin, and I find that it works out at $5 
pounds. This seems to point to the fact of Mr. Langdon's allowance of 
3 pounds being somewhat narrow ; but on the other hand опе has vet 
to be quite sure what the load-factor will be in the circumstances in 
which Mr. Langdon's figures are conceived—the application of electric 
traction to a railway. 

So far, the application of electric traction has been made under 
conditions which, so to speak, have been in favour of electricity—that 
is to say, the railway has been built for an electric railway, and there 
is not a sufficientlv extended record of the performance of electric 
locomotives doing railway work under the conditions which obtain in 
any ordinary main line, so that we can only hazard a guess as to Ше 
nature of the load-factor which will obtain in those circumstances. 
Mr. Langdon has not suggested how freight-traffic is to be dealt with, 
and through-traffic is also an important point. Both of these contribute 
very largely to revenue : in fact, the revenue from freight-traffic may 
Бе 2$ times or 3 times that which is obtained from passenger-traffic, 
and the through-traffhic may be from 43 to 50 per cent. of the whole 
traffic of the linc. While the tendency is more and more toward» 
short, frequent, and consequently light trains for passenger-tratlic, 
which is admirably suited to electric traction conditions, the tendency 
is to increase the length, and consequently the weight, of freight-trains 
and to run them at longer intervals. Of course from a steam railway 
point of view the economic aspect. of this is apparent on the face of it. 
But, with electric traction, it is obvious that the frequent starting of 
these heavy freight-trains would be a factor operating disadvantage- 
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ously to the economy of the steam engine at the generating station 
On the other hand, there is one point in favour of electricity 
Ido not think anybody has referred to yet, and it is a very important 
one, We all know that only about half of the total weight of the loco- 
motive and tender is available for tractive purposes; in the clectric 
locomotive it is possible to apply the whole weight on the driving axles. 
Therefore the conclusion will be obvious that for a given tractive effort 
an electric locomotive need only be half the weight of а steam loco- 
motive; and I need hardly point out the reduction in the wear and 
(саг of the permanent way, and the consequent saving of expense of 
the cost of maintenance, that would result from that alone. The total 
absence in electric traction of “pounding,” which it is impossible to 
avoid in the steam-locomotive, due to unbalanced piston-effort, would 
operate largely towards a reduction in the cost of maintenance of the 
permanent way. With regard to this complex question of large or small 
stations, I merely throw out the suggestion that should such an event Бе 
contemplated as the supersession of all steam locomotives on a line like 
the Midland by electric locomotives, it might be possible for the clec- 
tric generating stations in some of the big cities and towns through 
which the railway passes to contribute in some measure to the current 
necessary for traffic purposes. This does not remove the objections I 
have raised before ; but it is a possible means of reducing the capital 
expenditure of a railway company which contemplates such a step by 
making use of existing sources of supply. 

With reference to the financial aspect of the question; during 
recent visits to the United States I have on every occasion been 
struck by the fact that our American cousins seem to have antici- 
pated the fact that the future is pregnant with big events, and they 
have made preparations to cope with any demand that may arise. 
We in England have not kept pace with the timcs, and if we are to 
recover our position—I use the word advisedly—we should tear from 
our eyes the veil of pride and prejudice which prevents us realising our 
own deficiencies, and consent to learn from our neighbours, notably the 
United States, so that we can regain the trade we have lost, and ге- 
establish our position of commercial supremacy amongst the nations of 
the world. 

Mr. FRANK SPRAGUE: I have not had the time to criticise this paper, 
and I prefer not todo so. In considering any electric railway proposi- 
tion, the practical question always stares me in the face : How is one to 
accomplish a result, and is it worth the while? Being possibly some- 
what of an enthusiast on matters of electric traction, having given а 
number of years to the subject, there is no attempted solution of 
problems of this character, whether concerning suburban or main-line 
service, that does not command my interest, and I always welcome the 
various proposals made. 

I think the statement can be very safely made that clectric railways 
will not be conducted on steam lines. The question is not the supcr- 
session of the steam-locomotive by the electric. The electric locomotive, 
rated as the steam-locomotive is rated, hardly exists. И а dynamo is 
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capable, and you gentlemen who are consulting engineers prescribe 
very rigid conditions of test. It must run for so many hours, at a 
certain speed, and a certain output ; it shall have a certain capacity of 
excess, and so on. In short, the machine must be of permanent 
character, built for vears of continuous service. With a stationary motor, 
similar requirements exist. It must be a machine which, hour after 
hour, shall be able to deliver a certain horse-power. On the contrary, 
whether it be because of a misconception of what electric railways 
demand, or because actuated bv a somewhat unnecessary commercial 
instinct, the manufacturers of electric railway-motors have adopted a 
unique method of rating. For example, we hear of motors of 50, 75, and 
150 Н.Р. the latter being probablv amongst the largest of the units 
which are regularly built for railway service. These ratings mean little 
except that, for example, a 100 H.P. motor, railway-standard, can for an 
hour do тоо Н.Р. of work, and can stand a 50 per cent. excess of load 
for another ten minutes, but that is not, properly speaking, the rating of 
а railway-motor, as has been shown in a very interesting manner bv 
Mr. John Lundie, who has made a special study of the kinetics and 
requirements of heavy clectric traction. 

Common sense teaches us that if the electric motor is put against the 
steam-locomotive, it must be a machine capable of equal continued 
service, and it should be rated in a general way the same as any other 
clectric machine, on its average, as well as its special, capacity. Ша 
small railway-motor is rated in a certain wav by the hour-basis, a larger 
one tested under the same conditions has a fictitious and excess rating 
compared with the smaller one. Speaking generally, апу steam ог 
electric railway-motor should have as a measure of its rating what it can 
do hour after hour on active service. 

Looking at Table IV., there seems to me to be a rather curious series 
of figures, and I quite agree with Mr. Hudleston that they are under- 
estimated in the matter of actual Н.Р. required. The method of deter- 
mining train-miles per hour by multiplying the trains passing a given 
point Бу the running speed is erroncous. 

What is an clectric locomotive? It is simply an assemblage in 
which is localised a multiplicity of motors, generally four motors on 
four drivers, the motors being built to fit spaces which, because of the 
conditions under which the motor has to be opcrated, are restricted bv 
wheel dimensions, wheel base, track gauge, distance between wheel 
seats, transom and axle, and there isa very definite limitation to the 
size of a motor so determined. To illustrate this fact, take, for example, 
one of the largest tvpes of motors now built, rated at 160 H.P. For 
continuous service, and with an excess of temperature of say 75? C. 
above the surrounding atmosphere, it can stand about 35 kilowatts of 
continuous average input, or develop an average of, sav, 40 H.P. 
available for effective traction. 

I think that it is safe to say that the electric locomotive will not 
generally take the place of the steam-locomotive. If a steam-railway 
adopts electric traction, it must radically change its service; it must 
adopt smaller train-units, complete within themselves, operated inde- 
pendently, or in combinations making up longer trains. Then one 
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must do what is done with a hand-controlled locomotive, use а multi- 
plicity of motors, but a greater number, distributed on the diffcrent cars 
or motor-car units. As soon, however, as this condition is determined, 
direct hand-control must be wholly or partly abandoned for general 
work. and the motor equipments put under а secondary control. We 
have to face the very practical fact that we cannot, without unnecessary 
restriction, compress upon a single unit the power that 1$ necessary to 
do the service that is done by a steam-locomotive to-day. I of course 
do not agree with the last speaker that an electric motor can be built of 
half the weight of the steam-locomotive, that is if it is to do equal 
service ; but it is perfectly possible—and it is being done every day—to 
consolidate any number of units equipped with any required amount ot 
power, under a common control. 

It is not sufficient reason for adopting electric traction to say that 
vou can save some coal, for in many instances, especially with long 
trains, I question whether you can save a dollar's worth. Тһе question 
of coal is а secondary one. What is all-important is capacity for 
increased speed, and the making of train-lengths and train-intervals 
subject to the will of the train-manager—in short, the ability to get and 
to accommodate traffic and service. I repeat that the electric locomo- 
tive on а trunk-line service has not a promising future. That service 
itself must be changed with change of motive power. Тһе question 
reduces itself simply to the number of units which are in operation 
between two points. If the units are few in number, electric appli- 
cation is not generally to be considered. As the number increases 
sufficientlv, then there will be a field for electric application, and then 
only. 

Professor С. А. Carus-WILson : There are, іп my opinion, three 
reasons why the supersession of steam by electricity on the railways of 
this country will take place first, not on the main lines, but on the 
branch lines. 

In the first place, the branch lines, or, іо Ье more specific, the cross- 
country lines, as distinguished from the main lines, are the least profit- 
able part of any great railway svstem. Апа since it is the wisdom of 
economic railway management to ascertain what is the lcast profitable 
part of the system, and make it, if possible, more profitable, it will 
always be to the interest of the great railway companies to endeavour 
to make the branch lines pay better, in comparison with the main lines, 
than they do now. 

A few figures will show that the branch lines are, as a rule, far less 
profitable than the main lines. Taking the Board of Trade Returns for 
1899, we find that for the Midland Railway the average profit per 
passenger train-mile is about tenpence. Taking the average number 
of trains per day, each way, on branch lines, as six, the profits from the 
passenger service per mile per day is five shillings. Оп a main line, on 
the other hand, the number of passenger trains each day might be taken 
at thirty each way, making the profit per mile each way twenty-five 
shillings, five times that of the branch lines. No doubt this is a rough 
estimate, but it is probably not far from the truth. Hence in consider- 
ing the possible economy to be effected by the introduction of elec- 
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tricitv, it will be more to the interest of the companies to endeavour to 
make their branch lines more profitable, than to make changes on 
their main lines, which are at present relatively very remunerative. 

The second reason I would give for cross-country lines being dealt 
with first is that the cross-country lines are mainly responsible for the 
unpunctualitv which is such a feature of our railways. I cannot attempt 
to establish this statement fully here to-night, but тау put it briefly 
thus. The limited traffic on the cross-country lines does not admit the 
provision of a staff adequate to deal with the traffic. If the traffic were 
spread out over the whole working day the staff would be sufficient, 
but it comes all with a rush at infrequent intervals, the result being 
delay and unpunctualitv, especially during the holiday seasons. 

The infrequent service and the unpunctuality on branch lines has 
made cross-country travelling most unpopular, with the result that 
these lines are now being menaced bv the tramwav svstems which are 
being projected in all parts of the country. This is a third and most 
powerful reason why railway managers will be obliged to consider 
seriously the possibilities of electricity on branch lines. 

Тһе remedy for the unpunctuality and the unpopularitv of the 
branch lines is to be found in a more frequent service. To make 
proper connections with the main-line trains the service on the branch 
lines should be increased from an average of six trains each way per 
day to at least twentv-four—that is, а half-hour service instead of а 
train every two hours. The question is, can this be done bv electricity 
at a profit ? 

To answer this question, we must know how much each mile of line 
contributes as profit, from its passenger service, to the general revenues 
of the railway, and also how much each mile must earn in order to рау 
its share of the fixed charges, such as maintenance of permanent wav, 
etc. We shall probably not be far wrong in taking five shillings per 
day-mile as profit, and cleven shillings per day-mile as the contribution 
towards the fixed charges on a branch line with six trains each way per 
dav. 1f, now, the running cost per passenger train-mile, that is, the 
locomotive charges and the guard's wages, be put at elevenpencc. а 
traffic equal to 264 third-class passengers will be required per dav-mile 
each way. We тау, then, take this to be the traffic on a branch line as 
at present run bv steam. 

For a service of twenty-four trains per dav the fixed charges and 
the profit per day-mile will remain the same, if the branch is to yield 
no more and no less profit than. before, but the running charges will 
increase in proportion to thc number of trains, and for twenty-four 
trains will require an income of 24 X 11, or 264 pence per day-mile, 
which, added to the fixed charge, makes 462 as the required number of 
third-class passengers рег day-mile—that is, an increase of 75 per cent. 
in the traffic as compared with that required for six trains per dav. 
The traffic must exceed this if the altered conditions of working аге to 
yield an increased profit per mile. 

Now the whole difference introduced bv electrically driven trains 
is that the running charges are less. If motor-cars with substantial 
trailers are used, as on the Burgdorf-Thun line, weighing, sav 50 tons, 
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with only a conductor and motor-man, the running charges should not 
exceed. sixpence per train-mile. Taking this figure, we find that the 
number of third-class passengers required to yield the same profit and 
fixed-charge income per dav-mile as before is 342, or an increasc of 30 
per cent. over the existing six-train service. Now а service of twenty-four 
trains each way per day might safely be relied upon to induce an increase 
of traffic of 30 per cent. over that of a six-train service. Anything beyond 
this will increase the profit per mile; thus an increase of 52 per cent. 
in the traffic would double the profit on the line, and an increase of 75 
per cent., which with steam-driven trains would not augment the profit 
at all, would result in a trebling of the profits. 

The right course, then, seems to be to begin on the branch lines 
first, to break up the svstem of. infrequent and heavy trains hauled by 
steam locomotives, and substitute lighter trains running at least four 
times as frequently, driven by electric motor-cars. The increased 
traffic would be handled with far greater ease than the existing trattic, 


Number of sub-stations in 50 miles 
Fic. А. 


because it would be more distributed over the whole day. The service 
would be punctual and popular, and with these advantages there is 
little reason to doubt that it would be profitable. 

Mr. A. P. TROTTER (communicated): Mr. Langdon has treated the 
problem on broad lines, and has not obscured it by detailed considera- 
tion of special points, It is quite sufficient for his purpose to assume 
five sub-stations, without proving that this number is better than four 
or six. Since he does not give data from which such proof might Бе 
established, and since I have no such data at hand, I do not propose 
to criticise his assumption, but to make some general observations on 
this point. 

If the number of sub-stations on a fifty-mile line be increased, the 
first cost and sub-station labour cost will be increased, the load-factor 
of cach will be smaller, and the ohmic loss in high-pressure feeders 15 
increased, but the much more important loss in the working condetor 
is reduced, and this conductor might be reduced in size and ost ; and 
the pressure is moreuniform. If the number of sub-statio» be reduced, 
the first cost and sub-station labour cost is reduced, theoad-factor will 
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be greater, while the ohmic loss is increased up to the limit when no 
sub-stations are used. The working conductor would have to be 
increased to avoid excessive fall of pressure, but this case can hardly 
be said to have even that indifferent kind of interest known as academic. 
All of the factors have a monetary value, except the variation of pressure 
to which no such value can be easily assigned. That uniformity of 
pressure 15 important in some cases is proved by the large number of 
sub-stations on the Burgdorf-Thun line, but these are inexpensive and 
require no labour. 

Given the necessary data, the conditions for minimum total cost 
(capital and working) may be calculated. Differential calculus will 
show the exact number, which is of little interest and no use. Plotting 
а few examples on a curve (Fig. A) will show whether the curve has а 
sharp or a flat bottom. It will probably be found that the bottom is flat 
enough to allow several external considerations, such as choice of site 
and neighbouring gradients, to influence the decision on the number of 
sub-stations. 

It is probable that the number of sub-stations indicated by the mere 
question of cost will vield a sufficiently uniform working pressure. In 
tramway work the uniformity of pressure generally takes care of itself, 
and is the outcome of other conditions. But such conditions тау per- 
haps show that a uniform working pressure is difficult to attain in rail- 
way work. It is said that for three-phase motors no large reduction of 
working pressure is safe, but for continuous current, considerations of 
economy and of speed allow no little latitude. It is obvious that it 
does not pay to level a railway through undulating country, gradients 
are inevitable, and they control the speed. How far will it pay to level 
the working pressure? If economy demands widely spaced sub- 
stations, variation of pressure on the working conductor and conse- 
quent variation of speed may be а feature of the railway practice ot 
the future. There is a good deal of difference between the maximum 
safe speed and the economically best speed on a well-built line. It 
may be an economy to space sub-stations more widely on level 
country, and, with suitably designed motors, to allow much larger 
variations of working pressure than are to be found in modern tramway 
practice. 

Мг. Е. Н. TYLER (communicated): I beg to share Мг. Hudlestons 
opinion that the electrification of main railway lines is not at present а 
promising field of electrical development. Іп any case the suburban 
and cross-country lines have an overwhelming claim to be treated first. 
But there are objections to such a sweeping change as the electrical 
equipment of our main lines which, I believe, have not yet been men- 
tioned. In most European countries the railways, if not actually 
Government property, are under their close control, it being recognised 
that railways are part of the national scheme of defence. | 

It will not, I suppose, be pretended that an electrically едшр 
“п is not more liable to be disabled than a steam line. The charac 
teristic of the breakdown of a system supplied from a central source of 
energy is general paralysis as distinct from local injury. 

There are inany main lines in England that are subject to floods 
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and it is obvious that it would be easier to throw an electric railway out 
of gear than a steam line. 
mous serious considerations, as well as there being no really press- 
S necessity for the change, lead me to believe that the electrical 
n of our main lines is not усі within sight. The frequent 
rence to the Burgdorf-Thun railway as an example of main-line 
e ectrical traction is misleading. It is a full-gauge passenger and goods 
ne, but in по sense is it a main line such as the Midland or Great 
Western, 
Ps Cardew's account of the three-phase line at Buda-Pesth was 
| ее especially his reterence to the placing of the motors 
; и = at starting and during retardation. | It is not easy to see how 
Rin c can return current to the line, inasmuch as the energv 
the =. must be оғ the same periodicity as the line. But in anv case 
Mf ee of energy can only be carried down to half speed, whereas 
a = 11005 currents the regeneration can be continued until the 
5 nearly come to a stop. 
m - 2. Мг. Sprague's remarks оп locomotives, it is, as he points 
2 entirely overlooked that the power that can be exerted on 
n а а locomotive is strictly limited bv the dimensions of the 
Sprague’s е permissible length of the wheel base. The claim of Mr. 
units 2. unit system 15 that a train composed of traction 
Applying i e the same tractive characteristics as a single unit. 
consider : Md to railway trains, I would ask Mr. Sprague what he 
one half of 2-1 unit to be. Obviously not one coach. If we take 
motive of Ps RD train to be a railway unit, and provide a loco- 
full train of ns le weight and power to draw that unit, it follows that a 
controlled 4. н units can be drawn by two locomotives coupled and 
the single-unit ps um the same characteristics of speed and torque as 
Principle of dudo That appears to me to be the truc solution of the 
motor coaches ultiple unit control, rather than the multiplication of 
coaches entails cannot be forgotten that the adoption of motor 
pany will ed holesale scrapping of rolling stock which no com- 
electrical line ә face. Moreover, for many years the service on 
гас will h X must necessarily be a mixed one, or at all events through 
not an ideal un be provided for. The electrical locomotive, although 
Mr. H. А i seems therefore to bea necessity. 
Supersession of in: MPHREY (communicated) : It is admitted. that the 
costs, Table ү E steam by the electric locomotive is primarily one of 
“Arent, is there Blving the cost of generation and distribution of 
реса саль, С c fore of vital importance, and should have received 
Care , 
€ Paper. regret to find it is the most disappointing part of 


The first ; : 
of generating nection of the table would lead one to say that the cost 
"Ver, is not 50 fo OWatt-hour had been taken at 0'1574d., This, how- 

tom of ie the cost of oil, waste, and sundries is placed at the 
Water, although п and is not included in the total along with coal and 
П Шеге is по ite ©ne is as necessary to the engines as the others. 
Plant included in ap ee for repairs and maintenance of the generating 
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the table, and in seeking for this important item we 
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be greater, while the ohmic loss is increased up to the limit when no 
sub-stations аге used. Тһе working conductor would have to be 
increased to avoid excessive fall of pressure, but this case can hardly 
be said to have even that indifferent kind of interest known as academic. 
All of the factors have a monetary value, except the variation of pressure 
to which no such value can be easily assigned. That uniformity of 
pressure is important in some cases is proved by the large number of 
sub-stations on the Burgdorf-Thun line, but these are inexpensive and 
require no labour. 

Given the necessary data, the. conditions for minimum total cost 
(capital and working) may be calculated. — Differential calculus will 
show the exact number, which is of little interest and no use. Plotting 
a few examples on a curve (Fig. A) will show whether the curve hasa 
sharp or a flat bottom. It will probably be found that the bottom is flat 
enough to allow several external considerations, such as choice of site 
and neighbouring gradients, to influence the decision on the number of 
sub-stations. 

It is probable that the number of sub-stations indicated bv the mere 
question of cost will vicld a sufficiently uniform working pressure. Іп 
tramway work the uniformitv of pressure generally takes care of itself, 
and is the outcome of other conditions, But such conditions may per- 
haps show that a uniform working pressure is difficult to attain in rail- 
way work. It is said that for three-phase motors no large reduction of 
working pressure is safe, but for continuous current, considerations of 
economy and of speed allow no little latitude. It is obvious that it 
docs not pay to level a railway through undulating country, gradients 
are inevitable, and they control the speed. How far will it pay to level 
the working pressure? If economy demands widely spaced sub- 
stations, variation of pressure on the working conductor and conse- 
quent variation of speed may be a feature of the railway practice of 
the future, "There is a good deal of difference between the maximum 
safe speed and the economically best speed on a well-built line. [t 
may be an economy to space sub-stations more widely on level 
country, and, with suitably designed motors, to allow much larger 
variations of working pressure than are to be found in modern tramway 
practice. 

Mr. Е. Н. TYLER (communicated): I beg to share Mr. Hudleston's 
opinion that the clectrification of main railway lines is not at present a 
promising field of electrical development. In any case the suburban 
and cross-country lines have an overwhelming claim to be treated first. 
But there are objections to such a sweeping change as the electrical 
equipment of our main lines which, I believe, have not yet been men- 
tioned. Іп most European countries the railways, if not actually 
Government property, are under their close control, it being recognised 
that railways are part of the national scheme of defence. 

It will not, I suppose, be pretended that an electrically equipped 


Ме is not more liable to be disabled than a steam line. The charac- 


teristic of the breakdown of a system supplied from a central source of 
energy is general paralysis as distinct from local injury. 
There are many main lines in England that are subject to floods, 
Y 
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and it is obvious that it would be easier to throw an electricrailway out 
of gear than a steam line. 

These serious considerations, as well as there being no really press- 
ing necessity for the change, lead me to believe that the electrical 
equipment of our main lines is not yet within sight. The frequent 
reference to the Burgdorf-Thun railway as an example of main-line 
clectrical traction is misleading. It is afull-gauge passenger and goods 
line, but in no sense is it а main line such as the Midland or Great 
Western. 

Major Cardew s account of the three-phase linc at Buda-Pesth was 
most interesting, especiallv his reference to the placing of the motors 
in series at starting and during retardation. It is not easy to see how 
this arrangement can return current to the line, inasmuch as the energy 
returned must be of the same periodicitv as the line. But in any case 
the return of energy can only be carried down to half speed, whereas 
with continuous currents the regencration can be continued until the 
train has nearly come to a stop. 

As regards Mr. Sprague's remarks on locomotives, it is, as he points 
out, almost entirely overlooked that the power that can be exerted on 
the axles of a locomotive is strictly limited bv the dimensions of the 
gauge and the permissible length of the wheel Базе. The claim of Mr. 
Sprague's multiple unit svstem is that a train composed of traction 
units shall have the same tractive characteristics as a single unit. 
Applying this test to railway trains, I would ask Mr. Sprague what he 
considers a railway unit to be. Obviously not one coach. If wc take 
one half of an ordinary train to be a railway unit, апа provide a loco- 
motive of suitable weight and power to draw that unit, it follows that a 
full train of two units can be drawn by two locomotives coupled and 
controlled as one, with the same characteristics of speed and torque as 
the single-unit train. That appears to me to be the truc solution of the 
principle of multiple unit control, rather than the multiplication of 
motor coaches. It cannot be forgotten that the adoption of motor 
coaches entails a wholesale scrapping of rolling stock which no com- 
pany will care to face. Moreover, for many years the service оп 
clectrical lines must necessarily be a mixed one, or at all events through 
trafic will have to be provided for. The clectrical locomotive, although 
not an ideal application, seems therefore to be a necessity. 

Mr. Н. А. HUMPHREY (communicated): It is admitted that the 
supersession of the steam by the electric locomotive is primarily one of 
costs. 'Table V. giving the cost of generation and distribution of 
current, is thercfore of vital importance, and should have received 
special care ; yet I regret to find it is the most disappointing part of 
the paper. 

The first inspection of the table would lead one to sav that the cost 
of generating a kilowatt-hour had been taken at 0'15744.. This, how- 
ever, is not so, for the cost of oil, waste, and sundries is placed at the 
bottom of the page, and is not included in the total along with coal and 
water, although the one is as necessary to the engines as the others. 
Then there is no item for repairs and maintenance of the gencrating 
plant included in the table, and in seeking for this important item we 
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find that no definite figure is anywhere given, but it is dealt with along 
witli the locomotive charges. 

As a matter of fact Mr. Langdon's figures for the cost of energy 
from a steam-driven central station cannot be considered as consti- 
tuting a safe basis for calculation. I have studied the question in this 
country, on the Continent, and in America, and have obtained figures 
at first hand from the chief engineers of large American traction 
stations. Asa result I entirely endorse Mr. Cunningham's statement 
that 0:25d. per kilowatt-hour is the limit at present practically attain- 
able in а steam-driven plant. In the case of onc of the largest сіссіго- 
Ivtic plants in this country with the best modern engines and boilers 
and cheap coal, this figure tvas not quite reached even with тоо per 
cent. load-factor and in a year of cheap coal. The figures for the уеаг 
in question were given to me bv the engineer, and included no fixed 
charges. One of the most reliable statements of costs I know of is that 
given by Mr. R. W. Conant in his paper on * Cost of Electric Power 
for Street Railwavs," read before the “America Street Railway Associa- 
tion" in September, 1898. Mr. Conant examines and tabulates thc 
costs from forty-four of the large traction stations in America, and he 
found the lowest operating cost per kilowatt-hour at the switchboard 
was 0:52 cents. (o'26d.). Mr. Conant describes a “standard station,” 
and gives a standard set of figures as being the best practical. These 
figures come out at 0°58 cents. for operating cost and 0'405 cents. for 
fixed charges, making а total of 0'985 cents. (0:49d.). The load-factor 
is taken at 331 per cent., and the following statement is made :—“ As 
this station is described its performance may seem to border on the 
ideal, and there is no question but that its performance is consequent 
on favourable circumstances, very nearlv, we may sav, test conditions." 

To reach figures much below these a radical change is necessarv, 
and as one attempt at the solution of the problem I would direct 
attention to the use of large gas-engines and Mond gas-producers. The 
Mond plant emplovs cheap bituminous slack, and recovers the ammonia 
in such large quantities as to allow a profit of 4s. 6d. per ton of slack, 
after paving all expenses in the working of the plant. As this subject 
is fully dealt with in mv papers before the Institution of Civil Engineers 
(1897) and the Institution of Mechanical Engineers (Dec. 14, тооо) I 
need say no more about it, but desire, in concluding these remarks, to 
add mv thanks to Mr. Langdon for his most interesting paper and thc 
mass of information it contains. 

Mr. T. К. D. KENNY (communicated) : It has been suggested by two 
or three speakers that Mr. Langdon has under-estimated the amount of 
power required to work his trains by taking as his tractive effort per 
ton the low figures given by the formula at the foot of Table IV. 

I am a little surprised, however, to find that none of those who have 
had an opportunity of speaking have drawn attention to the fact that 
Mr. Langdon has provided power for only about two-thirds of the 
trains, which, according to his figures, must be on the section of line at 
one time. 

His whole estimate is based on the assumption that there are only 
fourteen trains between London and Bedíord requiring power at the 
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same instant; but taking the figures given in columns 4 and 5 of 
Table IV., it will be seen that there must be about twenty-one trains 
running at once. Тһе fourteen trains distributed on а fifty-mile 
section of line could not pass a given station in one hour unless the 
average speed of the trains were ffly miles per hour. The express 
trains Aave this speed, and it is correct to assume that there are only 
three of these trains on the fifty-mile section when three pass per hour. 
But take the сазе of the goods trains with a speed of twenty-five miles 
per hour. Each train takes two hours to traverse the section, and as 
five trains pass a given point per hour there must clearly be ten trains 
on the section at a time. 

Taking the other figures in columns 4 and 5 ot Table IV. in the sume 
wav, we have at any time on the fifty-mile scction— 


3 Express passenger trains requiring 1,008 kilowatts. 


3:12 Ordinary ji 7 " 425 » 
5°72 Express goods » „ 1,257 » 
IO Ordinary ,, 5 3) 1,370 » 


giving a total of 218 trains, which are taking 4,120 kilowatts at the 
axles, and—taking Mr. Langdon's over-all efficiency—requiring about 
7,000 kilowatts output at the generating station as against 5,000 kilo- 
watts allowed for in the paper. 

It has been pointed out in the paper that the conclusions arrived at 
will not be affected by any small variations in the service, since they are 
based on “cost per train-mile.” At first sight, then, it would seem that 
the 40 per cent. larger generating station entailed would only affect the 
magnitude of the undertaking, and be of little consequence. As a 
matter of fact, however, since the slowly moving trains form a larger 
percentage of the total on the section than in thc original case, a 
reduction of about 9 per cent. inthe figure for “ K.W. per train," and of 
3 per cent. in “K.W. hours per train-mile" is effected. ‘There should 
also Бе a slight saving in the cost per kilowatt-hour duc to the increased 
size of generating station. 

These considerations will better to some extent the figure given— 
7 о214. per train-mile—for the electrical case іп Mr. Langdon's interest- 
ing paper. 

Mr. A. H. SEABROOK (communicated): Mr. Langdon, in his highly 
important and interesting paper, has shown the many economical 
advantages that will accompany the employment of clectricity upon 
railways, but it has probably occurred to a good many members that 
the advantage which will appeal most strongly to the travelling public 
is that of increased safety. 

I refer to the possibility of cutting off current on any section of the 
line when the signal is against the train. The switches coupling up the 
distributing cable to the contact rail can be operated by the wire 
rope that works the signal. 

A voltmeter, or some rough form of pressure indicator, connected 
across the contact and return rails, fixed immediately over each lever 
in the signal-box, would inform the attendant whether the switches 
were acting properly or not; the latter an unlikely occurrence, but 
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still to be guarded against. An indicator connected to the nearest 
sections of line controlled by the two neighbouring boxes would auto- 
matically inform the attendant whether his neighbours’ sections were 
clear, whether current was in them, and if so, whether a train was pass- 
ing, shown by the drop on the indicator. Practice only could determine 
whether the pressure should be kept off the contact rail except when 
a train is due ; if it were not found advisable, provision could be made 
for the lever to work the signal alone, or both signal and switch ; butthere 
is no doubt that a great amount of leakage, especially in time of rain 
and snow, could be avoided. Absolutely to deprive the locomotive of 
its source of power when the signal is against it seems to me about the 
most effectual “ block” system that could be put into usc. 

Мг. Е. H. VARLEY (communicated): In the first place, I feel we are 
all much indebted to Mr. Langdon for his very valuable contribution. 
It seems to me that the question is purely a commercial опе: Will it be 
more profitable to use the electric locomotive, and will the railway 
companies be justified in replacing their steam locomotives by the 
new mode of traction? To my mind, evervthing points ш that 
direction. 

Мг. Langdon deduces à saving of 1922 pence per train-mile—sav 
214 per cent. Now we are informed by some of the speakers in this 
discussion—It is impossible to improve upon the economies now 
obtained in the steam locomotive, and it is quite impossible for elec- 
tricity to compete with the present system. I share with most people 
in their admiration of the wonderful amount of applied science and 
mechanical skill which has improved the pioneer engine designed by 
Stephenson. "The highest engineering mathematician's acumen, along 
with the mechanical engineer's constructiveness, have been brought to 
bear and are continually being requisitioned, and we naturally look 
upon the steam locomotive as a perfect piece of engineering construc- 
tion and design. We are asked to compare this perfect machine with 
the pioneer electric locomotives, and it is not surprising that the very 
perfect steam locomotive, the best results of applied technical know- 
ledge and manipulative skill, should not have it all its own way when 
contesting with the pioneer electric locomotive. The pioneer electric 
locomotive has come to stay, and will doubtless advance in development 
in the same way, as experience is gained by practical work. Electric 
railways, to compete with steam locomotive lines, will have to be 
worked from a different standpoint—more frequent trains and а reduc- 
tion in the number of carriages per train ; because long trains going 
long distances at long intervals carry very few passengers per train- 
mile. Hence arises the great waste of power in drawing heavy rolling 
stock, weighing say 300 to 400 tons рег train, out of which not 25 per 
cent. 15 the weight of the revenue-earning passengers. In long-distance 
trains how often is it that they do not carry a full load, or anything like 

a full load. It is no unusual thing for a train to leave the terminus 
with 25-50 or even 05 per cent. of its passenger accommodation 
unoccupied. Now electric traction favours short trains despatched at 
тоге frequent intervals, with proportionate decrease of the dead weight 
oi the rolling stock, and a larger percentage of passengers per tram, 
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therefore a larger profit, while securing a greater amount of patronage 
by the greater facilities offered for travelling. 

А locomotive is undoubtedly a most magniticent monument of 
human skill, but I defy it to make a profit by drawing hundreds of 
tons of rolling-stock without anv passengers or goods; and yet this is 
practically done in a greater or less degree by all railways. Take, as 
one example, early workmen's suburban trains to town, crammed to 
overcrowding. Тһе total weight of passengers would not exceed 47 to 
50 tons; the rest of the load is that of the rolling-stock. The same 
train returns practically empty, still the heavy draught of the rolling- 
stock has to be borne by the steam-locomotive. Take the up and down 
journey of such train together = but 3o per cent. of its passenger 
accommodation. 

Mr. Langdon has fully set forth the economy of stationary as against 
an itinerant generator. Now electric traction is specially adaptable for 
working short trains, which means a greater proportion of revenue- 
earning load to that of the unproductive load of dead weight of rolling- 
stock, in the dealing of which the electric system must in the long run 
prove far more economical. 

Мг. А. WOODROFFE MANTON (communicated): As I have been in- 
terested in the design of steam-turbine-driven locomotives, which 
possess many advantages in common with the modern clectric 
machines, Г have been much pleased to have this valuable paper. 1 
would like to draw attention to these special and some other mechani- 
cal advantages of the electric “ engine” (and its power-house). 

(1) Ц is electrically a combination of 4, 6, or 8 motor-units, the 
failure of one or two not causing complete, and delaving, breakdown ; 
further, these units may be grouped in series or parallel to meet the 
resistance and speed conditions. The same alternation can be made with 
its feeder, the power-house plant. I presume that, later, a large pro- 
portion of the gravitation-cnergy (now worse than lost) in descending 
long or steep gradients will be electrically recoverable in à simple 
manner, and returnable to the transformer stations, or for use in a motor 
at the time absorbing current. 

(2) The power—that is, tractive effort—is not dependent on English 
load-gauge, on the maximum heating and grate surfaces, wheel 
diameters, or on the cylinder- and valve-chest room between the frames. 
The power-house steam cylinders can be efficiently jacketed, while 
those of thc steam locomotive cannot be so assisted. There is ап 
absence of reciprocating parts transmitting large efforts, especially of 
piston, connecting and eccentric rods, and “ side” rods, and a replace- 
ment by parts rotating uniformly in constant direction: and the absence 
of connecting and eccentric rods and crank-webs allows of ample 
bearing surfaces. 

(3) АП wheels are drivers and retarders, thus the maximum axle 
load is much decreased, the total being much lighter for same drawbar- 
pull; there із, and consequently, less rail-wear (with absence of rail- 
shock due to want of horizontal and vertical balancing in reciprocating 
steam practice), greater whecl-base flexibility for high - powered 
machines, and no dependence of adhesion on inefficient “ side " rods. 
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(4) The absence of injurious products of combustion will much 
increase the life, and decrease maintenance, of tunnel rails and the 
tunnels and bridges themselves. 

(5) The greatest possible paying load to be moved on the maximum 
gradient of a section being independent of loading gauge and rigid 
wheel-base, the hour tonnage сап be readily increased without fear of 
blocking scheduled traffic, and without resorting to enormous capital 
increase in acquiring land апа widening ways and works. 

(6) The moving parts being few with constant direction, shop repairs, 
renewals and maintenance should Бе much lessened, especially in 
labour ; all whecl-axle-armature units may be identical and interchange- 
able in а short time (by clectric-lift pit under rails), the difference 
between locomotives for various duty being made as far as possible in 
winding and number of axles. 

For tunnels, repair-shop roads, and points liable to floods, side 
overhead trolley contact might be arranged. Undoubtedly much 
cheaper coal can be converted in the power-house (in absence of gas 
system even) Шап with the restricted fire-box locomotive design, and 
this coal can be more cheaply transported in large constant quantities 
to the fewer points. I think the author has rather, therefore, under- 
estimated the power-house electromotor economies; and the Italian 
long-distance installation results will be very interesting (although 
tonnages will probably be relatively low). 

With reference to cost and coal consumption, in one of last year’s 
magazines I noted that the total costs per ton-mile, including statt 
and repairs, were 07152d., o'171d., o'1god., on the Brooklyn Elevated, 
average American steam practice, and Manhattan Railway respectively 
(124, 138, 153 per cent.), against o'124d. (тоо per cent.) on our Liverpool 
Overhead Railway (electric), which latter is probably hardly now 
modern practice. Also it was stated that coal consumption ratio on 
train-mile basis was оси ; and that the greatest power-house апа 

41 stcani 
motor coal consumption per axle per hour was about 79 per cent. of 
best steam practice. I should be glad if the author could give more 
modern figures on those points, where it may bc said that the traffic and 
resistance conditions make it comparable. 

Mr. А. M. TAYLOR (communicated): Though it may be considered 
by some as undesirable, in a paper of this nature, to criticise details, 
yet, unless the premises be correct, wrong conclusions may possibly 
be formed. 

First, as to traction resistance. It may be presumed that, in 
measuring tractive resistance, the locomotive engineer will select as 
level a piece of the line as possible on which to carry out his tests, so 
as to avoid corrections due to grades, etc. His principal object is to 
determine the best performance he can get out of his locomotive in the 
way of speed, and the coal bill does not concern him to the same extent 
as it does the clectrical engineer, whose principal object is to prove the 
cconomy of clectric traction. We may then, perhaps, safely assume 
that losses due to the braking of trains when descending gradients do 
not enter into the determination of tractive resistance. This matter is, 
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of course, of less importance on railways than it is on tramways, on 
which values varying from 0:95 Board of Trade unit per car-mile to 
r7 B.T.U. have been experienced, due to this cause, with the same 
size of cars. Let us sce whether it is a negligible quantity on main- 
line railways such as we are considering. The average running speed of 
Mr. Langdon's trains is about 34 miles per hour, and the tractive resist- 
ance for the level may be put at 7 lbs. per ton, taking his own figure. 
So long as the down gradient does not exceed 541, or, sav, 16 feet to the 
mile, it may be considered as compensating the up gradient; but if 
this limit be much exceeded it will be necessary to apply the brakes. 
In the route from London to Bedford and back again (100 miles) it is 
possible that there may be as much as 10 miles of track, in the aggre- 
gate, where the gradient exceeds үф, giving a total drop of 320 feet, 
and 160 feet of this is irrecoverable lost energy. It is true that this 
would only amount to some 25 watt-hours wasted at the generating 
station for every ton-mile hauled; but if the gradients were much 
steeper, or longer, than I have assumed, the case would be very different. 
As it is, it adds nearly то per cent. to Mr. Langdon's figure of 26 watt 
hours per ton-mile for the tractive resistance alone. It would be 
interesting to know what are the actual conditions on the line in 
question. Мг. Raworth has given us an estimate of the additional 
power required for starts and stops (which is, of course, quite indepen- 
dent of that wasted on the gradients), so I do not propose to touch on 
this loss, which, however, seems to me to be low. 

Next, as regards the load-factor. Mr. Lackie has referred to the 
cffect of the hourly variations of load on this question. But what 
I wish to call attention to is that the variations in the output from 
minute to minute have also no slight effect on the load-factor. The 
number of trains considered is, comparatively, quite small—only 14— 
and the fluctuations should be pretty considerable, especially when we 
remember that goods trains (with their frequent stoppages and starts) 
form a large proportion of the total weight to be hauled. Taking 
grades and everything into account, it will be surprising if, for an 
average load during 24 hours of 5,000 kilowatts, we do not require 
plant in the station of 8,000 kilowatts, while that of the rotary con- 
verters and step-down transformers will be nearly 1,000 kilowatts 
capacity (excluding spares), Bearing in mind that the efficiency of the 
engines and of the electrical plant falls off, after a certain point, more 
rapidly than the output diminishes, we can easily understand that, for 
an average output of 5,000 kilowatts, the all-day efficiencies cannot be 
sensibly higher than assumed by Mr. Langdon. ТІ think one or two of 
the speakers seem to have hardly appreciated this point. 

Lastly, I wish to say that I quite agree with Mr. Field's reported 
remarks as to the incorrect number of trains on the line; which do 
not, however, vitiate those of Mr. Langdon's figures which are based 
on train-mileage only. 

Mr. REGINALD WOOD (communicated); The Institution is tortunate 
in having this important matter brought before it from within the rail- 
мау companies. 

The author is to be congratulated on having been content to 
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make only a modest claim in favour of electric traction on the great 
railways, as no doubt the greater economy will only be achieved when 
the service takes advantage of the electric supply to alter its method 
somewhat, and to sell current ел route. 

As I take it the author desires that the discussion should show that 
his paper has been critically examined, I will mention what appears to 
me to be an omission in his statement, but as I shall point out a remedy 
the objection will disappear. It does not appear to me that the author 
claims all the economy he might in shunting. 

The omission is that no mention is made of the kinetic energy of 
the trains. If every train stops once in a quarter of an hour we have 
practically one train starting everv minute. This would demand ап 
extra 1,000 kilowatts working continuously with a corresponding 20 per 
cent. increase in the coal bill. There are no data in the paper to enable 
one to state definitely whether this extra power should be 500 or 1,500 
kilowatts. But there is, of course, no doubt that this is a most important 
matter, though it may be of more importance in suburban traffic. Anv- 
how, the remedy is to brake the train by returning the energy back to 
the contact-rails. All that is required is to substitute for the resistance 
in the series-parallel control a dynamo carried on the locomotive and 
coupled to another dynamo suitably connected. И gives the incidental 
advantages of smooth starting and stopping, and the attainment of any 
electric pressure desired at any point. That is, the electric pressure 
on the locomotive is under the control of the driver. He can get 
excess pressure if he wants it. It also gives the advantage of saving 
the energy usually lost over the resistance and a great part of that lost 
in transmission. 

This is a matter rather more than of mere detail. If there is a 
serious objection to absorbing the kinetic energy of the train bv a 
brake on the locomotive in front of the train, a good case can be made 
out for redisposing the motive power. Тһе description of this con- 
troller is to be found in Patent Specification 23,854 of 1894. The suc- 
cessful inaugurator of main-line electric supply will have earned а 
nation's gratitude. 

Мг. W. Н. MERRIMAN (communicated) : There is one paint which 
has not been mentioned in the discussion on Mr. Langdon's paper, viz., 
the extra precautions, impossible on a steam railwav, which may be taken 
to ensure the safety of passengers on an electric railway. А very large 
percentage of the accidents which from time to time occur on steam 
railways is due to engine-drivers mistaking the signals or running past 
them when at “danger.” It would be a comparatively simple matter 
to arrange switches in conjunction with some of the principal signals, 
each of which would cut out a portion of the contact-rail—say four or 
five train lengths—beyond the signal whenever it was at “ danger.” 
Any driver then running past a signal set against him would have his 
attention at once called to the fact by the slackening in speed of tlie 
train owing to the current being cut off ; while, at all events at night 
time, the guard would also be warned of the danger by the extinction 
of the train-lights—presuming, as is probable, that these would be 
supplied with current taken direct from the contact-rail. It would, of 
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course, be necessary to provide against the possibility of a switch being 
opened before a train had reached the end of that section of the 
contact-rail which it controlled, in the event of the signal being raised 
immediately after the train had passed ; but this, I think, would offer but 
few practical difficulties. 


Мг. J. Brown (communicated): I observe that engineers have Мг Brown. 


recently been turning their thoughts towards the contriving of some 
Means to avoid the delay involved in stopping “ local” trains at all the 
stations, though only a fraction of the passengers wish to enter or 
alight at amy one station. The plan of which I send a sketch avoids 
this inconvenience, provides a through train for every passenger from 
any station to any other, and dispels all anxiety or doubt about alighting 
at a wrong station or being carried past the right one. As my scheme 
could be worked best by electric motors, and as steam locomotives 
would be quite inapplicable, it falls not inappropriately within the 
scope of the present discussion. 

The sketch (F ig. B) is intended to represent an endless railway with 
coaches arranged ready for starting the day’s work. The coaches are 
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Station A 
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In order to allow passengers for station B to alight, the train, as it 
approaches B, slips its last coach marked B, which is then brought to a 
standstill at station B. Тһе same process is repeated at each station. 
The result is a through express for every station. The passenger simply 
enters a carriage standing at the platform from which he departs. As 
soon as it is coupled to the train he looks (at his leisure) for the carriage 
marked for his destination, and remains there till the carriage stops, 
when he can alight with ease. He may not find his carriage at once, 
but certainlv a few stations before his destination. Two or more 
coaches may be slipped or picked up, of course, if one is not enough. 

Although here shown as applied to endless railway, the scheme is 
equally applicable to a railway with termini. It would be eminently 
suitable for the various underground electric railways recently proposed 
for London. From an engineering point of view several advantages 
accrue which may not be at first sight apparent, viz. : A much shorter 
station is required than in the usual method where the whole train has 
to be accommodated at every platform, and considerably less power 
would be required since only a fraction of the train has to be stopped 
and started. Тһе load would also be more constant, in fact it would 
scarcely vary at all. 

Mr. J. D. TwixBERROW  (communicaled): Mr. Langdon has not 
credited the performance of the steam locomotive with possible im- 
provement upon the existing practice of the Midland Railway. 

This company appeared to favour the division of the traffic into 
numerous trains of low gross weight, worked by locomotives of con- 
siderable elegance but having small capacity. Recent practice in 
America and on the Continent exhibited a preference for fewer trains 
of greater weight worked by engines of great hauling and earning 
capacity ; thus a standard American engine for mineral traffic was 
provided with boiler heating surface about 21 times greater than that of 
the Midland engine for a similar purpose, and recent passenger engines 
in France had 7o per cent. more boiler power than the express locomo- 
tives of the English company. 

The small loading gauge increased the difficulty of constructing 


-powerful engines for working on British railways, but no important 


modification was involved by an addition of, say, 85 per cent., which 
would suffice for doubling the gross weight behind the tender; he bad 
examined the saving per net ton-mile which would result from this 
modification, and was of opinion that the cost of locomotive power 
in working the coal traffic to London would be reduced by not lessthan 
30 per cent. This economy could be realised without great capital 
expenditure by devoting the current outlay for renewals to the provision 
of machinery of greater earning capacity, relegating the existing stock 
of locomotives to shunting and branch-line service, and scrapping the 
lighter engines as they came to require heavy repairs. 

. If English engineers would be guided by what had already been 
accomplished elsewhere, in preference to adhering rigidly to their own 
precedent, they would be able to effect with certainty ап economy 
nearly twice as important as that which the author is able to deduce 
from a somewhat speculative basis, with the disadvantage of a heavy 
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capital outlay and immense inconvenience in effecting the installa- 
tion. 

The chief sources of economy in {һе application of electricity to 
tractive work appeared to be (a) saving of tare weight ; (6) increased 
revenue mileage per unit of labour. А saving under the first heading 
could only be effected in practice by applying the motors to some of the 
carrying axles of the vehicles ; and that under the second heading was 
important because the steam locomotive was not an automatic machine, 
and required so much attention that its attendants usually earned 
-revenue during less than one-half of the hours of duty. · It was remark- 
able that the author's proposal did not provide for any saving under 
these headings. 

Mr. E. KILBURN Scott (communicaled): И there were no other 
result of Mr. Langdon's paper, it would, in the writer's opinion, have 
served a useful purpose in showing the difficulties of working railways 
by separate electric locomotives and also the objections to a system 
such as the Central London when applied to main-line electric railways. 
Even if the pressure on the third rail were raised much higher than 500 
volts, there would still be objections to converting high pressure three- 
phase to continuous current by transformers and ғо/ағу converters. 

Being a synchronously running piece of apparatus, the overload 
capacity of the rotary converter is distinctly limited. It must be made 
large enough to take the maximum load under the very worst conditions 
without falling out of step, and naturally this load is a much higher 
figure than is required under average conditions. Assuming sixteen 
trains per dav, the rotary is only likely to be giving current for a few 
minutes every half-hour or so, the rest of the time being spent in 
running round uselessly. On the other hand, the static transformers 
required for three-phase working will take extremely large temporary 
overloads if there is time to cool down between the periods of over- 
loading, consequently comparatively small static transformers may be 
emploved, and, when running on no load, the constant iron loss is a 
very small percentage compared with hysteresis, eddy, commutator, 
and friction losses, which are constant with the rotary converter. 

Comparing the three-phase Burgdorf-Thun results with those 
obtained on the South Side Elevated Railway (continuous current) of 
Chicago, worked on the Sprague system, it has been shown by Professor 
Carus-Wilson that whilst the continuous-current motors use 87 per cent. 
of the energy required by the three-phase motors, the latter get up 
spced in 81 per cent. of the time required by continuous current. The 
reduction of energy in the continuous-current motor is due to the use of 
series-parallel control ; but there is this most important feature in favour 
of three-phase, that the maximum power input required by the motors on 
the Burgdorf-Thun line was only about 70 per cent. of that at Chicago. 
The importance of this is seen when we consider that a reduction of 
the maximum power input reduces materially the size of the secondary 
conductors and cables, the output of the transforming apparatus, the 
size of the main generators, and through them the engines and boilers. 
Above all things, therefore, any system can be pronounced “ very good ” 
which tends to reduce maximum power input. 
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In order to allow passengers for station B to alight, the train, as it 
approaches B, slips its last coach marked B, which is then brought toa 
standstill at station B. The same process is repeated at each station. 
The result is a through express for every station. The passenger simply 
enters a carriage standing at the platform from which he departs. Аз 
soon as it is coupled to the train he looks (at his leisure) for the carriage 
marked for his destination, and remains there till the carriage stops, 


- when he can alight with ease. He may not find his carriage at once, 


but certainly a few stations before his destination. Two or more 
coaches may be slipped or picked up, of course, if one is not enough. 

Although here shown as applied to endless railway, the scheme is 
equally applicable to a railway with termini. It would be eminently 
suitable for the various underground electric railways recently proposed 
for London. From an engineering point of view several advantages 
accrue which may not be at first sight apparent, viz. : A much shorter 
station is required than in the usual method where the whole train has 
to be accommodated at every platform, and considerably less power 
would be required since only a fraction of the train has to be stopped 
and started. The load would also be more constant, in fact it would 
scarcely vary at all. 

Mr. J. D. TWINBERROW (communicated): Мг. Langdon has not 
credited the performance of the steam locomotive with possible im- 
provement upon the existing practice of the Midland Railway. 

This company appeared to favour the division of the traffic into 
numerous trains of low gross weight, worked by locomotives of con- 
siderable elegance but having small capacity. Recent practice in 
America and on the Continent exhibited a preference for fewer trains 
of greater weight worked by engines of great hauling and earning 
capacity ; thus a standard American engine for mineral trafic was 
provided with boiler heating surface about 2} times greater than that of 
the Midland engine for a similar purpose, and recent passenger engines 
in France had 70 per cent. more boiler power than the express locomo- 
tives of the English company. 

The small loading gauge increased the difficulty of constructing 


powerful engines for working on British railways, but no important 


modification was involved by an addition of, say, 85 per cent., which 
would suffice for doubling the gross weight behind the tender; he had 
examined the saving per net ton-mile which would result from thi» 
modification, and was of opinion that the cost of locomotive power 
in working the coal traffic to London would be reduced by not less than 
30 per cent. This economy could be realised without great capital 
expenditure by devoting the current outlay for renewals to the provision 
of machinery of greater earning capacity, relegating the existing stock 
ot locomotives to shunting and branch-line service, and scrapping the 
lighter engines as they came to require heavy repairs. 

_ И English engineers would be guided by what had already been 
accomplished elsewhere, in preference to adhering rigidly to their own 
precedent, they would be able to effect with certainty an economy 
nearly twice as important as that which the author is able to deduce 
from а somewhat speculative basis, with the disadvantage of « 7 
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capital outlay and immense inconvenience in effecting the iustalla- 
tion. 

The chief sources of economy in the application of electricity to 
tractive work appeared to be (a) saving of tare weight ; (b) increased 
revenue mileage per unit of labour. A saving under the first heading 
could only be effected in practice by applying the motors to some of the 
carrying axles of the vehicles ; and that under the second heading was 
important because the steam locomotive was not an automatic machine, 
and required so much attention that its attendants usually earned 

Tévenue during less than one-half of the hours of duty. It was remark- 
able that the author's proposal did not provide for any saving under 
these headings. 

Мг. E. KILBURN Scott (communicated): И there were по other 
result of Mr. Langdon's paper, it would, in the writer's opinion, have 
served a useful purpose in showing the difficulties of working railways 
Бу separate clectric locomotives and also the objections to a system 
such as the Central London when applied to main-line electric railwavs. 
Even if the pressure on the third rail were raised much higher than 500 
Volts, there would still be objections to converting high pressure three- 
phase to continuous current by transformers and rolary converters. 

Being a synchronously running piece of apparatus, the overload 
capacity of the rotary converter is distinctly limited. It must be made 
large enough to take the maximum load under the very worst conditions 
Without falling out of step, and naturally this load is a much higher 
figure than is required under average conditions. Assuming sixteen 
trains per дау, the rotary is only likely to be giving current for a few 
minutes every half-hour or so, the rest of the time being spent in 
running round uselessly. On the other hand, the static transformers 
required for three-phase working will take extremely large temporary 
overloads if there is time to cool down between the periods of over- 
loading, consequently comparatively small static transformers may be 
employed, and, when running on no load, the constant iron loss is a 
oy small Percentage compared with hysteresis, eddy, commutator, 
and friction losses, which are constant with the rotary converter. 
PIE the three-phase Burgdorf-Thun results with those 
Chicago = Ж South Side Elevated Railway (continuous current) of 
Ga; acre ed on the Sprague system, it has been shown by Professor 
B oue n that Whilst the continuous-current motors use 87 per cent. 
speed in ud required by the three-phase motors, the latter get up 
за ан cent. of the time required by continuous current. The 
Buen аа In the continuous-current motor is due to the use of 
of шылы ы, ; but there is this most important feature in favour 
the Buredorf-t1 at the maximum power input required by the motors on 
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If Mr. Langdon can make out so good a case on a system practically 
identical with the Central London, then it says much for the future for 
electric railway working, because there is no doubt whatever that better 
results сап bc got Бу adopting three-phase traction throughout. For 
example, the то per cent. loss in efficiency of rotaries would be swept 
away ; the cost of the five substations and their equipment, given at 
£80,000, would be reduced to at least half ; and finally, the greater 
proportion of the wages of the fivc assistant engineers, etc., at the sub- 
stations, given at £5,472, or nearly 15 per cent. of the total estimated 
cost of gencration and distribution of current, would practicallv dis- 
appear. Even if there were three times as many substations, the step- 
down transformers could be very well left to look after themselves. 

Тһе fact that certain parts of the lines arc liable to be flooded, and 
the importance of having a standard method of picking up current puts 
the third rail on the sleepers, out of court altogether. И is possible to 
use а third rail on underground railways (although even in such situations 
it is questionable whether it would not be better to have smaller and 
less get-at-able conductors fixed overhead), but on main-line railways 
the difficulty of preventing people and occasionally animals getting on 
to the line would таке the third-rail system quite too dangerous. The 
conductors might be put into a conduit by the side of the track, but 
there would be great complication at crossings and the conduit 
would, of course, be liable to be flooded. There is nothing for it. 
therefore, but to suspend the conductors on span wires immediately 
over the track, or clase place them one above the other on poles at the 
side of the road. The writer thinks this latter method the best ; but the 
point to be noticed is that as the conductors are to be overhead, it i5 
better to have them small in section ; in fact, it is difficult to see how 
anvthing but copper wire can be used. Now with small-section wire it 
is clear that to run a train the voltage must be in the nature of thousands 
rather than hundreds of volts. 

It is, indeed, very questionable whether, at the high speeds of 50 
miles an hour and upwards, the large currents required for low-voltage 
working could be picked up convenientlv. The limit for the ordinary 
trolley wheel used on tramcars scems to be about 25 miles an hour, but 
the Siemens bow and the collecting shoe will pick up current at higher 
speeds; everything, however, appears to depend on the amount of 
current. Messrs. Siemens апа Halske have recently made experiments 
with special bow trollevs, moving horizontally, picking up current from 
three conductors fixed at the side of the road. The arrangement work: 
very well indeed, and it is found that the collection is best at the оће 
pressure of 10,000 volts. Having three conductors at the side of track 
makes an exceedingly neat arrangement, as there are no span wires and 
the bow contact allows plenty of variation in height for sag. Should 
one trolley miss the wire, the motor will still continue to run on tlie 
other phases. 

With steam traction it is necessary, in order to reduce expenses, 10 
make up trains of considerable length, so long, in fact, that it is not an 
unfrequent occurrence to have to pull up a train twice at a wayside 
platform. Now with electric traction there is no advantage in having 
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long trains ; in fact, it is rather the reverse, as current is always on tap, Mr. Scott. 
as 16 were. Short trains run at frequent intervals, give a more cven 
load, and as the staffs at the various stations are more regularly 
employed, there is a more punctual service and an improvement of 
conditions all round by enabling traffic and luggage to be handled with 
greater facility. As Prof. Carus-Wilson rightly points out, the main-line 
railwavs pav fairly well as they аге; it is the short branch lines with 
half a dozen or so trains a day which form the non-paying portions of 
the railway systems. Several such lines, worked electrically from a 
common central station, could no doubt be made to give nearly as good 
results as an electric tramway, and by feeding the trunk lines more 
regularly would lead to an improvement of the system. 

For the benefit of those speakers who seemed to think that a number 
of small stations are preferable to one large onc, it may be mentioned 
that before deciding on the опе station of 100,000 Н.Р. on the East 
River frontage, New York, the Engineering Board of the Manhattan 
Elevated Railway thoroughly considered nine different schemes, most 
of them being for more than onc station. The total length of third rail 
on this line is 75 miles, and three-phase current is generated in the 
central station at 11,000 volts. 

Mr. LANGDON then replied briefly, but the full text of his reply, ppm 
with remarks added subsequently, is printed at the conclusion of thc 
discussion at Local Sections meetings (see p. 218). 

The PRESIDENT : I think, gentlemen, you will have no hesitation іп The... 
according to Mr. Langdon vour warmest thanks for his paper 

The vote was carried by acclamation. 


The PRESIDENT announced that the scrutincers reported the 
following candidates to have been duly elected :— 


Associate Member: 
Alfred Henry Bland. 


Associate : 
Ernest Philip Alphonso Law. 


Student: 
Samuel Blackley. 


Mr. Dobbic. 


Mr. 
Turnbull. 


Mr. Ralph. 
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NEWCASTLE LOCAL SECTION. 


The Newcastle Local Section. of the Institution of 
Electrical Engineers met in the Chemical Lecture Room, 
Durham College of Science, Newcastle оп Tyne, оп Mon- 
day, the roth of December, Mr. A. W. Heaviside (Chairman) 
in the chair. 


DISCUSSION ON MR. LANGDON'S PAPER ON * THE SUPER- 
SESSION OF THE STEAM BY THE ELECTRIC LOCO- 
MOTIVE." (Read in London, November 29th, 1900.) 


Мг. К. S. ОоввіЕ : In the paper before us, the question of the 
money represented Бу thc carriage of the necessary coal and water for 
steam locomotives over a large number of train-miles was not brought 
forward as strongly as it might be. It represented the transportation 
of a heavy dead-weight from which no income was derived. The 
paper confined itself, when treating of electric traction, to the use of 
electric locomotives. The modern tendency is to use a large number 
of motors ; in fact, onc on everv axle of the train, and the cars are 
controlled either individuallv or collectively bv controlling. devices 
operating from any one point. These principles have, I believe, been 
put into operation in {һе сиу of Brooklyn, U.S.A., and аге called bv the 
inventor, Mr. Frank Sprague, the well-known pioneer in street railwav 
work, “ The Multiple Unit System.” 

Мг. С. TURNBULL: With regard to the statement that the coal 
would be saved which is at present used by locomotives standing in 
sidings, etc., I think that this would be considerably counterbalanced 
by the coal used in keeping steam on the boilers at the supply-station 
sufficient to meet the maximum demand, which would only come on 
at intervals, This point would be best dealt with by finding out what 
actually are the losses on locomotives from this cause. With electric 
trains it may be possible to develop a method of setting down and 
taking up passengers from moving trains. This could be done Бу 
slipping a motor-carriage off from the main train with passengers who 
wanted to be set down, while another motor-carriage could be run up 
to the main train with the passengers who wished to join it. This would 
mean that the main train would have to slow down a little to allow the 
motor-carriage to catch up to it. Possibly this disadvantage could be 
got over by sending the carriage on first and allowing the main train 
to catch up to it. I think the experiment might be tried in some form 
on our suburban lines. It would act somewhat in the manner of the 
moving platform of the Paris Exhibition. | 

Мг. С. КА рн: I take it that the whole object of the proposed 
change to electricity as the motive power for trains is to effect 
economy in the working expenses. Given that is so, I should like to 
draw attention to another point where economy might possibly be 
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cffected which applies equally to electric and to steam traction, and 
that is the saving of power by the use of roller-bearings. It is well 
known that these bearings reduce the bearing-friction in a very marked 
degree, and it is a matter of surprise to me that no experiments have 
been made in connection with these by the railway companies. I made 
some tests a few years ago on an ordinary railway-coach, first with 
the ordinary bearings, and then with the same coach fitted with roller- 
bearings. Тһе ordinary bearings required about 45 per cent. more 
power to run the coach at a given speed than when the roller-bearings 
were fitted. (This was at a low speed, about то miles per hour.) И is 
possible that they would not stand the rough usage of railway work, 
and I am not prepared to state how long they would wear, though it 15 
stated that on an electric railway at Rhode Island, U.S.A., rolling stock 
fitted with them ran for 21,000 miles and no appreciable wear could be 
detected. It seems well worth while giving them А trial. 
Мг. DonBBIE: As to the matter of roller-bearings on street cars, Mr. Dobbie. 
thev certainly save a large amount of current at the moment of starting, 
but whether they save much energy during the running of the car I 
cannot speak. I have lately applied ball-bearings to motors, etc., and 
by a careful series of tests I found that in a particular motor of 3 H.P. 
with well lubricated bearings, the substitution of ball-bearings in the 
same motor showed an apparent gain in efficiency of only г per cent. 
I may state that ball-bearings are used by me with quite another inten- 
tion than to gain efficiency. 
Mr. G. RALPH: I quite agree with Mr. Dobbie that there is a very Мг. Ralph. 
great reduction in the starting pull when roller-bearings are used, but 
in addition to this the tests which I referred to clearly proved that 
there was also a large saving in the actual running at that speed, since 
the watts put into the motor were 20 per cent. less, and at the same 
tine the speed increased 25 per cent. when the roller-bearings were 
substituted for the ordinary brasses. When reduced to the same 
speed, these figures show that with ordinary bearings 45 per cent. more 
power 15 required. 
Mr. ОоввгЕ: The roller-bearings I have seen, and with which the Mr. Dobbie. 
starting current was undoubtedly reduced, probably as Mr. Ralph 
states by 30 or 40 per cent., were the Hyatt patent, the rollers of which 
are made of slightly flexible steel spirals, which accommodate them- 
selves and automatically distribute the load on half the rollers more or 
less. ` | 
Мг. О. L. FaLcoxanR : Mr. Dobbie has mentioned something about Mr. 
saving dead-weight, I should like to know what would be the weight" ?""* 
of a large electric locomotive, equal in power to some of the large 
N.E.R. passenger locomotives. I think it would come to a considerable 
amount. It occurred to mc that an electric locomotive would require 
extra weight to provide the necessary amount of adhesion for the 
whecls in starting, so the saving might not be so great after all. Perhaps 
Mr. Holmes would give more information on the matter. The multiple- 
unit system is, I think, the most reasonable method for passenger 
trains, but I do not know how they would manage with goods trains. 
Mr. J. H. Ноі.мев: With regard to the multiple unit system, 1 am Mr. Holmes. 
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not familiar with the details of the svstem, as I have not had an oppor- 
tunitv of sceing it in operation, but I think Mr. Dobbie has had an 
opportunity of seeing it and will have a better idea of the matter. Тһе 
controllers at the end of each саг are all worked electrically bv small 
clectric motors, arranged to work in unison with each other, so that the 
driver handling one controller at one end ot the train, will work all the 
motors in the train. Of course, the system is not used with the electric 
locomotive, but it practically gets over the difficulty of having a heavy 
electric locomotive at the end of the train. 

The question of roller-bearings is a very interesting one, and as we 
have had such very ditferent figures submitted to us this evening, it 
seems to point to a difference in quality. It seems to me that a roller- 
bearing to be effective, should be as hard as possible so that it can keep 
its shape, and roll evenly on the hardened surface, and if the surface is 
correctly made it ought to work perfectly. 

With regard to the question of changing over, I can see a difficulty 
in changing over to the electric locomotive from the steam locomotive. 
If the change would involve the same amount of confusion on our rail- 
Ways as we are now experiencing in Newcastle on our tramways by 
changing them from horse-power to electric power, I do not think we 
should like to make the change just at present. 

Mr. DoBBIE: I think if it is looked into, that the principle of a 
spring roller is the correct one. The amount of deformation is only a 
few thousandths of an inch or so, and if this slight spring, which is not 
bevond the elastic limit, has the effect of distributing the load on a 
number of the rollers, it is evidently better than that the whole stress 
should be expended on one, or on a part of one, glass-hard unvielding 
piece of steel. I have «ссп the Hyatt roller-bearings in a train of rolls 
for sheet metal, where, with hardly any lubrication, they operated suc- 
cessfully, the bush in which thev ran being of cast-iron lined with a 
spiral made of steel strip in the same wav as the rollers themselves. 

Мг. L. Woop: If the line voltage were to be 3,000, as the 
engineers of a proposed Italian railway hoped to use, and fecder 
voltage were raised to 20,009 or even more, there would be a great 
saving in the cost of conductors which would be one of the heaviest 
items in the cost of conversion. Presumably the feeder cables would 
be laid in топ pipes along the permanent way, and might perhaps be 
advantageously made concentric with the outer conductor, bare and 
carthed. Тһе current on the motors would be three-phase, which 
appeared to have, under some circumstances, advantages over direct 
current. 

Mr. A. W. HEavisIDE: Now that we know that high speeds up to 
100 miles an hour are contemplated in electric traction, does it not 
become important that the form of the surfaces presented to the air in 
the direction of motion should be such as to offer the least resistance, 
as in the torpedo boat or the body of a bird? 

Мг. DonniE : With reference to the high speeds mentioned, many 
years ago Mr. O. T. Crosby ran an electric locomotive at the rate of 
120 miles an hour, and the trouble experienced in maintaining the 
insulation led me to patent the placing of the armatures on springs 
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around the axle so that vibrations were not communicated. Engines 
embodying this principle have been made up to 45 tons in weight 
to run with a heavy train about 30 miles per hour. As for such 
speeds as 120 miles per hour, although there is nothing impossible in 
them, I should be very satistied if we could run up to London at 50 or 
6o miles per hour behind an electric locomotive. 

The matter of shaping the locomotive and, indeed, the whole train, 
has already had attention. Mr. Heilman has studied the shape of the 
front of the locomotive, and the Philadelphia and Reading Railroad has 
experimented with a train of cars made to present as smooth a surface 
as possible to prevent what naval architects call * skin-friction," and 
reach speeds of over 80 miles an hour. 

Mr. А. W. HEAvisiDE: With regard to Mr. Turnbull's objection to 
large central stations of the Willesden type which he instances, it must 
be remembered that it is a pioneer station of its class, if one may except 
Ferrantis Deptford power-house (somehow Ferranti always points the 
wav). The aim of such stations is to get a mean steadv load Бу dis- 
tributing over an area of many wants arising at different times all 
through the day, and Mr. Langdon's proposal is on these lines. Their 
success will depend on the productions gains of such a load not being 
swallowed up Бу the distribution-losses. Already much information 
exists as to the cost of such a load, as, for instance, in the running of 
alternating-current stations. Continuously energising transformers 
over a wide area throughout the whole year is an example, and, as 
regards cost, one farthing per horse-power, where coal is cheap, is not 
үлде of the mark. 

After the advantage of having read the criticisms of the technical 
press, I think that Mr. Langdon understands the principles underlying 
the whole thing, and though much will have to be done of ап experi- 
mental character before main line railways are run electrically, the 
beginning has come now. 

As it is growing late, I think we should closc the discussion for this 
cvening, but not without putting on record how much we thank Mr. 
Langdon for his paper. 

The vote was carried by acclamation. 


Mr. Dobbie. 


Mr. 
Heaviside. - 
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GLASGOW LOCAL SECTION. 


The Glasgow Local Section of the Institution of Electrical 
Engineers met in the Institute Buildings, 207, Bath Street, 
Glasgow, on Wednesday, the 12th of December, at 8 p.m, 
Professor M. Maclean (Vice-Chairman) in the chair. 


DiscvssiON oN MR. LANGDON'S PAPER ON * THE SUPER- 
SESSION OF THE STEAM BY THE ELECTRIC LOCO- 
MOTIVE.” (Read in London, November 29th, 1900.) 


The CHAIRMAN, after giving a short summary of the paper, read the 
following communication which the Hon. Secretary of the Section (Mr. 
Е. George Tidd) had received from Мг. Langdon :— 

Mr. LANGDON (communicaled): Your Section is to do me the honour 
of discussing my paper on the ''Supersession of the Steam by the 
Electric Locomotive” on the evening of the 12th. 

I hope it mav not be thought that in submitting for the consideration 
of your Chairman the following observations I am attempting in any 
way to direct or influence the discussion, but questions having been 
raised on the occasion of last Thursday's discussion, at the Electrical 
Engineers in London, of the accuracy of the formula employed by те 
for obtaining the pounds tractive effort per ton, on which of course my 
calculations are very largely based, I am particularly anxious that this 
important question should, if opportunity arises, be dealt with. It may 
be that vou may be favoured with the presence of locomotive or 
mechanical engineers who may be prepared, if the formula which I 
have used is in their opinion inadequate, to furnish а formula which 
they may regard as reliable. I may perhaps add that I have every con- 
fidence in the source from which I received the formula which І have 
used. I know it to be the result of a number of practical experiments, 
but I have not vet ascertained that it is applicable to goods trains. The 
various formulze given do not attempt to make a distinction between 

oods and passenger trains. If reference is made to the diagram 
EE ed in Fowler's * Mechanical Engineer" Pocket Book for 1900, 
it will be seen that there are three curves which practically coincide 
whilst that of Clark's deviates from these three to a very great extent. 

* Molesworth " expresses Clark's as follows :— 

6 + ‘009 Ve. 
If this is carried out in respect of the No. 1 class of train shown in 
my Table IV., it will be found to result in a per train horse-power of 
I,045 as against 477 by the formula which I have used; and if it is 
applied to No. 4 class of train, the demand will be 386 horse-power as 
against 183. 

The difference is, as you will see, very great—indecd so great as to 
raise the question whether a steam locomotive, travelling at the specd 
of fifty miles an hour, could give that horse-power output. 
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Another point commented upon was the scheme of plant. Whether 
it was more desirable to employ a central generating station, supplying 
certain sub-stations, or for the sub-sections to be provided for by, what 
I may perhaps call, local generating stations. I am clearly of opinion 
that those who argue in favour of local generating stations have not 
thoroughly appreciated the many advantages that attach to the central 
and sub-station system. If each section is to be worked by local gener- 
ating services, then the machinery established and in operation must be 
suficient to meet any demand that may arise on that section, which 
would mean an increase іп cost for plant, coal and labour. И 
would be impossible to guarantee a fixed demand. The varying 
difficulties which arise in working trains at the present time will not bc 
inseparable from trains worked electrically. Practically the same con- 
ditions will attend them. The load in the several sections will be 
continually varying. With a central generating system the load, as it 
shifts from one section to another, will not vary to any great extent the 
load at the central station — that will remain practically constant, 
depending upon the sum fotal of the load comprised within the demand 
of the several sections served by the central station. 

Another argument in favour of the central station and sub-section 
system is that it will be capable of meeting, to a large extent, without 
stress, the varying demand consequent upon the starting of trains. At 
the moment when inertia is being overcome in one place, there will no 
doubt be a relaxation of the demand for power at another point—/.e., as 
an instance in point, a train may be running into a station simply under 
the influence of momentum without any help whatever from current, 
whilst at another station a train may be starting and will require, for a 
moment of time, a large accession of current. Of course this would 
apply to some extent in a local section generating its own current, but 
it will apply very much more largely with the central station scheme— 
that is, as it will take a larger area, so the opportunity for cqualisation 
will be greater. 

If after reading this you should think that the matter I have taken 
the liberty to submit to you is of sufficient importance to read to the 
members at your meeting, I should feel obliged if you will do so. My 
great desire, of course, is to get at reliable data. In adopting the 
formula which forms the basis of my calculations I placed, as I still do, 
cvery confidence in it; but if it can be proved to be wrong to such an 
extent as materially to modify my deductions, it would be only honest 
that such should be done. I need hardly, however, add, that the matter 
is one of so great importance, that there should be no doubt as to thc 
absolute accuracy and source of any formula that may be advanced in 
place of that which I have used. 

Since inditing the above, I have received from the author of the 
formula used by me a communication thereon, copy of which I append. 
The data was, as you will see, collected from actual experiment in 1891, 
since which date the tendency due to improved lubrication, etc., should 
be, if anything, to reduce the tractive effort result. 


Mr. 
Langdon. 


Мг. 
Langdon. 


Mr. Mavor, 
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“MIDLAND RAILWAY, LOCOMOTIVE DEPARTMENT, 
“ DERBY, Dec. той, 1900. 
“W. LANGDON, Eso., Derby. 

“ DEAR StR,—I am sorry that I was unable to be present to hear your 
paper read, and offer some facts in support of the train resistance 
fgures you submitted, for I quite agree with your conclusions on this 
matter. 

. "'The formula you have adopted agrees with the results I obtained 
in 1891 with trains running on the Midland Railway between London 
and Nottingham. In all, about four hundred sets of figures were taken, 
and in calculating the train resistance from them, proper allowance was 
made for gradient acceleration, energy of revolving wheels, ctc. 

“Тһе results agree closely with others obtained by Barbier, Du 
Bosquet, and other careful investigators. Тһе train resistances at high 
speeds given by Clark and some others are quite unreasonable. The 
coal and water consumption of a locomotive is well known, and if such 
high train resistances were met with we should have to take it that 
locomotives sometimes run as economically, or even morc so, than the 
best stationary compound condensing steam engines. 

“ Barbier found that the locomotive resistance was greater than that 
of the train. A comparison of the resistances I found for long trains as 
compared with short trains on the Midland do not support this view. 
He also found that four-wheeled coaches offered greater resistance 
than bogie stock. Тһе figures you have quoted are about midway 
between those given by Barbier for the two kinds of stock. 

“It must be remembered that, on the Midland, every care has been 
taken to use the best possible form of axle-bearing for coaches and 
waggons, and to lubricate the bearings, also, as perfectly as possible. 

“The locomotive has also been designed, as will be seen upon refer- 
ence to Mr. Johnson's presidential address, with a view to reduce 
frictional resistance in every way. 

“It should be borne in mind that even if some steam locomotives 
offer greater resistance to motion per ton than do the trains they draw, 
such would not be the case with the clectric locomotive, owing to its 
shape, small size as compared with its weight, evenly distributed load, 
and absence of all friction except that of the journals. 

“The figures found for passenger trains will, I think, also apply to 
goods and mineral trains. 

“Should you desire to do so, you may, with pleasure, make use of 
this letter. 

“Yours sincerely, 
“ (Signed) В. M. DEELEY.” 


Mr. Н. А. Mavon said that Mr. Langdon's paper appeared to him to 
be à most useful one for the initiation of the discussion to which it bad 
given rise. There were about forty-four electric railways authorised 
by Parliament in this country. Four of these had come into operation. 
It seemed on the face of it that the figures in the paper were of less 
importance than the subject itself. Mr. Langdon had pointed out that 
the prime factor was that of efficiency in the generating plant and the 
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electric transtorming plant, and in transmission. He (the speaker) did 
not quite agree with Mr. Langdon. The figures in Table VII. as to the 
generating charges would indicate what he meant. The charges there 
formed a comparatively small proportion of the total estimated by Mr. 
Langdon. He (Mr. Mavor) thought they ought to bulk more largely. 
According to the paper the generating charges were somewhat less 
Шап one-quarter of the total cost for power and haulage. The whole 
question before them, however, ought to be looked at broadly. What 
was the probability with regard to the relative efficiencies of steam 
loomotives running on the line, each with its own boiler, and the large 
engine combining the power of fifty locomotives ? It would be pretty 
evident that the large engine was probably most economical, not only 
inwhat might be called mechanical efficiency, but in general working. 
Зесіпр, however, that from the data before them up to the present it 
Was not possible to consider the efficiency except from the standpoint 
of what was to be obtained from test results, the question resolved itself 
то опе of experience. Now the experience of fuel consumption for 
anelectric train, as compared with steam locomotives, was not available 
to any large extent. Some of the other items were comparable, and it 
Would not seem unfair to draw comparisons from the experience on 
street railways іп this country. Of the facts which had been given 
to them with regard to the working of street railways, the figure in 
connection with the renewal of plant comes out as low as то per cent. 
of the total in some cases, and as high as 20 per cent. in other cases, 
but in no case does it approach the 30 per cent. spoken of in Table VII. 
in the paper. They had much to learn, however, from experience 
upon this and other items, but what little experience they had went to 
show that the saving in electric transmission would be found in the 
replacing and renewal of plant even more than in the item of coal, 
though it might reasonably be expected that in the latter there would 
be a great saving. 

With regard to the position of the station, it would appear that Mr. 
Langdon's contention in favour of the large engine was likely to be 
moditied by cousideration of the question in detail. Mr. Langdon had 
pointed out in his letter that the large engine could readily deal with a 
large load at various places, but did he remember that the sub-stations 
would have to be proportionately increased in size ? With reference 
to the 2$ per cent. leakage on the line allowed by Mr. Langdon, the 
speaker thought that such a leakage would soon dispose of the line 
altogether. 

Concluding, he wished to say that Mr. Langdon's general con- 
clusions seemed to him more valuable than his particular data. 

Mr. Dyson agreed with the previous speaker that while Mr. 
Langdon’s paper was a valuable one, its worth lay more in the 
gencral considerations which it contained than in the detailed figures 
init. Before anything like a detailed estimate of the probable cost of 
electric traction could be arrived at, far more fixed data had to be got 
hold of than those in connection with the formula which had already 
been criticised. It was not necessary at present to discuss the different 
elements that go to make up train resistance, but the speaker thought 
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that all engineers were agreed that the train resistance worked out on 
the average to a higher figure than that given by Mr. Langdon's 
formula. "That was a point, however, regarding which locomotive 
engineers would be in a far better position to give facts than would 
electrical engineers. Speaking of the paper more generally, the question 
of the efficiency of the various parts as given on page 134 of this paper, 
this seemed to him to be not very definitely settled. The aggregate 
efficiency of the system, as given by Mr. Langdon, was 58 per cent., 
but of the items which on that page go to make up general efficiency 
there were two or three that seemed to him (Mr. Dyson) to be very 
doubtful. With regard to static transformers, their efficiency was given 
as 93 per cent. He thought 98 per cent. would be nearer truth. The 
efficiency of rotary converters was given as до per cent. He thought 
this should be 95 per cent. The loss in rails was set down аз 10 per 
cent. It seemed to him that this could be given as less than 10 per 
сем. On the question of motors, Mr. Langdon had assumed that the 

dearest motor may have an efficiency of 85 per cent., but the speaker 

thought it was not the pronounced success that the old induction 

motor was, and 78 per cent. would be nearer the mark than the 85 per 

cent. allowed by Mr. Langdon. Оп the whole question of efficiency, 

as Mr. Mavor had said, one of the things to be fixed was what should 

be the relative efficiency of large plant, grouped in onc central station, 

over a large number of isolated locomotives. It seemed to him that the 

economy of the large generating sets, when the total efficiency of the 

whole system showed a drop of 40 per cent., had to be accounted for 

by some other means than that of the economy of steam consumption 
of the different classes of power. Locomotive engines, running non- 
condensing, would not have anything like the efficiency of large 
stationary plant, but he questioned whether the difference would 
amount to 40 per cent., and he would rather be disposed to put it 
down at 20 per cent. 

The speaker said in conclusion that he thought the first thing to be 
done in advancing the subject at all would be to get together some 
railway engincers of experience, and some men of experience in electric 
traction, and let them form a committee. If, as the result of the paper, 
this were done, even though it did not immediately lead to the adoption 
of any system of electric traction over steam locomotives, it would at 
least advance the cause of the profession, and would greatly redound 
to the credit of the Glasgow Section of this Institution. | 

Мг. Davip Номе Morton: You, sir, and one ог two members of 
the Council have honoured me by inviting me to take part in the dis- 
cussion of a very large subject. My contribution to-night will not, 1 
fear, be of great service, though a few years ago I was charged with 
all manner of facts and figures relating to this great question of traction. 
Then I had the greatest difficulty in arriving at anything like reliable 
conclusions from the facts which were available, and I do not know 
that after studving Mr. Langdon's paper my position is very dilerem, 
although every year facts are accumulating, which will enable us more 
and more to dispense with estimated figures. 

If one is to be esteemed an advanced engineer to-QN, WS we 


* 
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believe in the electrical transmission of power and in the internal com- 
bustion engine. I believe in the electrical transmission of power and 
in the internal combustion engine, but I am not lost in adoration, nor 
do I believe that there is but one method of generating and but one 
method of transmitting and distributing power. Rather I believe that, 
when equal skill and zeal are exercised in each case, the difference 
between one system and another is never so great as the retained 
advocates of each would have us believe. Each system has its physical 
limitations ; those of electrical transmission are the widest, therefore 
electrical transmission is likely to be the most universally employed. 
The retained advocates of electricity are characterised by an 
enthusiasm and a cheerful optimism which enable them to тесі 
their disappointments with smiling faces. Enthusiasm is necessary ; 
Without it no great work has been carried through. Probably also 
optimism 15 necessary, because if promoters and directors knew 
heforehand how much the cost of their enterprise would exceed, and 
how much the profits would fall below the estimates, they would not 
often have the courage to begin, and the public would not grant them 
the wherewithal. The contract prices usually exceed the Parliamentary 
estimates, the adjusted cost is much in excess of the contract, and, even 
UE expenses are all right the extra load of capital tends to 
о e anticipated gains. The investor has to be content with very 
1! | urns. He benefits chiefly as a member of the commonwealth ; 
is | esent case he has an improved means of travelling, but although 
these Dis Proprietor of the road he has to pay his fare. Although 
Gamblin ‘acts, we engineers need not fear that enterprise will cease. 
In "s Inherent to human nature. 
Шш ед de these remarks, Г believe you will absolve me from any 
his deducti Е merely to find fault with Mr. Langdon's figures and 
ра m therefrom, I think Mr. Langdon is to be congratulated 
methods 11. figures so fully and so fairly before us, showing us his 
results, and EE us where he has made omissions which may affect 
When ther SIE he has deemed himself entitled to claim reductions. 
is quite lcgit э 15а large volume of parallel experience, close estimating 
teaches us th ape but in new departures of magnitude, all experience 
handsome № к after making our calculations, we ought to make a 
lo the esti "ton to estimated capital and to add a prudent fraction 
When bes Working costs. 
9 electric LE for the conversion of the Metropolitan Railway 
are the ideas of 2 06 made public, we shall see how widely different 
to profit, р ee ees combinations of men in regard to cost or 
cost Which се. unately, few of us will know whether it is profit or 
0 Wait a ea most for those differences, and we shall have 
‘ery ан time for returns of running expenses. 
electric 1 ed 2 Mr. Langdon points out that electric traction and 
that their ied 'ves are accomplished facts, and generally we know 
< 145 been attended with a very fairly satisfactory measure 
commercial success өе 
0 Operation. fore. 58. Mr. Langdon, while seeking to widen the field 
Most all our | Sees that the process of conversion must be gradual. 
VOL, ххх, Breat trunk lines are in possession of a considerable 
14 
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mileage of urban and suburban roads, and much of this mileage is in 
tunnels. Competition with independent railways electrically worked, 
with municipal electric tramways, and the pressure of public opinion 
in favour of improved travelling conditions, will compel the introduction 
of electric traction on at least some of these urban and suburban lines. 
And the commercial results which attend the working of these lines 
will determine whether or how soon electrical haulage will be tried on 
trunk lines. | 

For good reasons perhaps, Мг. Langdon has not deemed it desirable 
to build his estimated figures on, or to supplement these by some 
examination of those which are actually realised and available. 

The works accomplished in this country are the City and South 
London Railway, the Liverpool Overhead Railway, the Waterloo and 
Citv Railway, and the Central London Railway. Of the latter two it is 
rather too soon to speak, although the last named will tell us most in 
regard to that which we seek to know. Of the two former, the Citv and 
South London Railway has been in operation since 1891 and the Liver- 
pool Overhead Railway since 1893. I take the figures as from the 
accounts made up for railways in accordance with the requirements of 
the Board of Trade, and therefore comparable with those quoted and 
estimated by Mr. Langdon for the 50-mile section of Midland line, 
covering the same items as far as comparison сап be made. Neglecting 
the first three and a half years, when the expenses of the pioneer line 
were naturally rather excessive, we find that the cost for locomotive 
power has averaged 64., and that it seems now to be stationary at 
5'85d. per train mile. This line, as you are aware, is worked by 
locomotives. 

The figures of the Liverpool line are more favourable, and the cars 
are worked by motors on their bogie axles. The cost of locomotive 
power since the opening averages 33d., ог slightly less, and has been 
fairly uniform since the beginning, standing now at a trifle over 4d., 
owing probably to the higher price of coal. The Liverpool figures may 
be taken as an argument in favour of motor-cquipped cars instead of 
locomotives, but it will be wise not to lay too much stress on this. The 
South London line was the pioneer, the Liverpool line was built in view 
of all the experience gained in the others a tunnel line has difficulties 
and extra expeuses of its own, and the Liverpool line is what may be 
termed a very easy road. 

The Central London has chosen locomotives, and each case must 
be separately considered. For short trains running on short lines with 
fixed terminal points motor-cars are admirably adapted, but the dif- 
ficulties multiply with the length of trains and tracks, and with 
departures from the elementary simplicity of running cars back and 
forth between fixed points. 

On trunk lines the tendency seems to be to seck gains and economies 
by pulling longer and heavier trains rather than by shortening the 
trains and increasing their number ; while on urban lines the frequency 
of trains is strictly limited by the block system of working and sig- 
nalling, therefore long trains must be hauled to accommodate not the 
average traffic, but the maximum which occurs only during a few hours 
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ot the day. Hence doubtless the long trains of six or seven cars on the 
Central London line, and I doubt if at the present.time any trunk-line 
manager or superintendent would look at motor-cars, even though they 
would be easier on the permanent way than locomotives. 

Reverting to the figures taken from existing lines, I shall be told 
that they are not applicable ; the distance between stations being short, 
a great part of the work consists in accelerating the trains. "This is 
true in a measure, but observe the other conditions which justify us in 
expecting a figure much lower for these lines if Mr. Langdon's 7d. per 
train-mile is right for trunk lines. The short sections represented by 
these small lines are well filled with trains, certainly more than one to 
each half-mile of double track as against three in a ten-mile section, 
and the gross weight of the trains in each сазе is only forty tons, 
including locomotive or motors, full complement of passengers seated 
and a proportion of standing cargo ; very different from the trunk-line 
loads, which range from two and a half to ten times greater—10oo to 
450 or 500 tons per train. Then, again, take the classification of trains 
on the trunk section. Only 20 per cent. to 22 per cent. are express, and 
40 per cent. are ordinary goods and mineral trains. The amount of 
stopping, starting, shunting, and manceuvring which is performed by 
ordinary mixed goods and distributing mineral trains can at any time 
be studied by any one who is sufficiently interested. Apart from the 
not insuperable difficulties attending the putting down of installations 
for shunting, this is a serious item not to be lightly set aside. 

An ordinary branch-line train, with a 45-ton steam locomotive, five 
old-fashioned coaches of ten tons cach empty, seated for 200 passengers, 
and weighing, say, 100 to 105 tons gross, can be hauled for 6d. per train- 
mile, including all ordinary repairs and renewals, and we are yet with- 
out evidence that тоо tons can be hauled electrically for less. Тһе 
Central London will give us the first information. Тһе trains аге 
heavy and comparable with urban steam lines, while the C.L.R. 
locomotive is 43} tons weight, nearly that of the tank locomotive, which 
is forty-five to fifty tons in full order. The tank locomotive, by the 
wav, is on the Metropolitan Railway only 28 inches longer than the 
C.L.R. locomotive over the buffers. 

The proper consideration of the subject is beset with difficulties, 
and we must wait for progressive experience, and this will give us time 
to study the difficulties. Of these Mr. Langdon has called attention to 
the most important. There is the great question of shunting at compli- 
cated junctions and sidings, and there is the struggle against the 
elements, snowstorms and floods. 

The efficiency of the steam locomotive is an interesting though not 
a necessary factor in this discussion. Тһе question seems to be 
essentially commercial. 

Placed on the trestles, I have no hesitation in saying that the 


LH.P. is 90 per cent ; 


for a four-coupled engine a trifle less perhaps. Оп the track the con- 
ditions are very different from those in the testing room. Accurate 
dynamometer observations and cylinder indications are difficult to 
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Mr. Morton. obtain, and the most accomplished experimenters, after taking much 
pains, tell us that results can only be regarded as approximations. АП 
conditions which affect results are in a state of continual change—the 
train is at one time tending to lag behind, then tending to overtake the 
engine ; then the retarding effect of curvature comesinto operation, and 
wind pressure may actually double the required draw-bar pull, under 
conditions when the pull would otherwise be moderate. There are also 
difficulties with the indicator owing to the presence of water in the 
steam. "The most recent and most useful experiments are probably 
those made by Mr. W. M. Smith for Mr. Wilson Wordsell with five 
express locomotives on the North-Eastern Railway. The draw-bar 
efficiency ranged from under 6o per cent. to over 8o per cent., averaging 
about 65 per cent. of the І.Н.Р. It is fair to say that lower results have 
bcen quoted as the outcome of experiments on the Continent and in 
America. Sixty-five per cent. is a very fair efficiency, and it may be 
necessary to remind some ‘young members of the audience that the 
motor axle efficiency of the electric locomotive is a very different figure 
from that of the draw-bar. The causes tending to lower draw-bar 
efficiency are present in both classes of motor, though probably in a 
lesser degree in the electric motor, and in the present case the loss 
caused by maintaining the engine and tender in motion is but a trifle 
more than the rate per ton required to pull the train. It could not well 
be expected to be less, seeing that it is the leading vehicle. The 
locomotive boiler is admittedly an efficient evaporator, comparing well 
with good stationary practice, and in the present case the water used 
averaged 265 lbs. per I.H.P., the engine in this case being non- 
compound. With a compound engine, taking the results of Mr. Webb's 
experiments on the two classes of engines, the steam consumption 
should be about 20 per cent. less, and if steam consumption were the 
first consideration a simple engine could be worked at 23 lbs. per 
I.H.P. These figures indicate that the steam locomotive is a fairly 
efficient machine, and when we remember that there is only опе con- 
version of the energy between the boiler and the work to be done, as 
against four or more conversions or transmissions between the boiler 
and the work in an electrical system, the supersession of the steam 
locomotive does not look more promising in regard to net efficiency 
than it does in regard to net cost. And the steam department of a large 
central station has important losses peculiar to itself ; the gross steam 
consumption for power delivered bears too often a very disappointing 
relationship to the net test consumption of the generating units. 

I wish to draw your attention to the comparative expenses of the 
Liverpool Overhead Railway, the City and South London Railwav, 
and a well-known local line, the Glasgow District Subway, which is 
worked by direct cable haulage. Do not fear that I am about to 
advocate this system for trunk lines. I have referred to physical 
limitations, and those of the cable system are perhaps the narrowest of 
all, though within its limits and under proper conditions the results 
obtained are certainly remarkable. I only bring in these figures 
because of the lesson they seem to teach us in regard to electrical 
traction, 
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The accounts are made up for all three lines in the same manner Mr. Morton. 
for B.O.T. returns, and the cost of locomotive power per train-mile 
stands thus :— 


G.D.S. L.O.R. C. & S.L.R. 

2:89d. 3°68d. бода. 
Total working expenses per train-mile— 

7 13d. 13944.” 15054. 
Receipts per раззепрег-- 

I'26d. гоба. I'92d. 
Ratio of expenses to receipts— 

49'1 per cent. 60'8 per cent. 5977 per cent. 


If the earnings on the Glasgow District Subway per passenger were 
equal to the mean of the earnings of the Liverpool Overhead Railway 
and the City and South London lines then the ratio of expenses to 
receipts would be :— 


G.D.S. L.O.R. C. & S.L.R. 
32 per cent. 00:8 per cent. 597 per cent. 


If it is objected that the trains on the Subway are lighter than those of 
the other lines, and that they have a smaller seating capacity, I may say 
that increasing the capacity of the cars would have only a most trifling 
effect on the results owing to the system of traction, that the car 
mileage is much higher than for the other lines, and that taking last 
year the passengers carried were :— 


G.D.S. L.O.R. C. & S.L.R. 
13,665,560 9,690,236 6,983,040 


In the Subway power-station there are only two simple though high- 
class non-condensing engines, one in reserve, while on the other lines 
the engines are compound and condensing. To meet a moderate 
increase of traffic and a small addition to the lengths of the lines, the 
power plants of both electrical lines have been already largely increased 
and reorganised, while the existing plant on the Subway is capable of 
dealing with all the trains which could be put on the line under any 
reasonable system of working. 

There are, of course, reasons for the low costs attending this example 
of cable haulage, and the chief reason is found in the compensation or 
return of energy to the driving cables by the cars which are descend- 
ing grades, and by reason of the fact that cables on different tracks are 
virtually coupled together in the power-house ; cars descending on one 
line actually assist those on the other tracks. The energy stored up in 
the engine fly-wheels, and in the cables themselves is also called upon 
by the cars, so that the average and maximum powers are made less 
than would be possible in the absence of a compensating system. 

Now there is a considerable analogy between a cable haulage and 
an electrical traction system, the third rail or conductor representing 
the traction cable, and when we have succeeded in restoring to the con- 
ductor a great part of that energy which is now dissipated by descend- 
ing trains in pulverising wheels, tracks, and brake blocks, we shall have 
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taken an important step towards reducing the cost of electric traction. 
I am aware that the attention of electrical engineers has already been 
directed to this question. The figures which I have quoted give some 
indication of the advantage which may be obtained, and the works 
already done by electrical engineers is indication enough of their ability 
to solve this problem. 

Professor BARR expressed his dissent from Mr. Morton's opinion that 
electrical engineers were characteristically too sanguine and too opti- 
mistic, though he admitted that there had been a time when some of 
them were so. He instanced the case of an clectrical engineer whom 
he had met at the Glasgow Gas Exhibition of 1881, and who in the 
course of conversation had assured him that incandescent electric light 
would be in use in every house within a year from that time. 

Continuing, the speaker said that he thought that the question 
before them of the supersession of steam by electricity for locomotives, 
was a problem in which the arguments for Electricity were more 
favourable than in many other cases to which it had already been 
successfully introduced. There could be no doubt that in a great 
measure the economy obtainable in stations for lighting and tram- 
ways was limited by the nature of the load-factor. There was no 
case equal to a large main line for constancy of load-factor. He (the 
speaker) did not think that Mr. Langdon had in that matter done his 
case at all justice in his paper. He thought that it would be found 
that the load-factor would come out very much more constant than is 
stated in the table in the paper, as would be seen if the number of 
trains on the whole line, instead of the number passing a given point 
during a given interval of time, were considered. 

It was a pity that they had not more results before them, but he 
thought that as far as could be judged from appearances, electric 
traction would not come in through the calculation of probable 
economy alone nor even mainly, but in virtue of the obvious advan- 
tages the system possessed in special cases over steam haulage. Тһе 
underground railways, he said, would some day be compelled, by public 
opinion, to use electric traction, and he thought also that the time was 
not far distant when they should have a great deal more objection to 
the running of locomotives in the vicinity of cities than was vet manifest. 
A great deal of the smoke nuisance in suburban districts had been 
proved in many instances to be caused by locomotives. 

Concluding, he said that he had no doubt that under the compulsion 
of a growing public opinion on the subject, the time was coming when 
they should sce a verv large development of electric traction even on 
main lines, and he personally would be very glad to sce electricity 
substituted for the present objectionable locomotive in the cases to 
which he had referred. 

Mr. W. W. LackiE: None can doubt Mr. Langdon's remark that 
the consideration of this subject can only be attended with good. It is 
a large problem to tackle, but his conclusions and results are most 
satisfactory. I would, however, like to draw attention to some of the 
figures and conclusions come to by him. It is shown that the maximum 
number of trains per hour varies from 19 107. If this is the case, it 
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means that he cannot have, as he states, an absolutely constant load апа Мг. Гаске. 
station output for every hour of the day. His figures would at first lead 
one to believe that in this railway scheme һе would have a load-factor 
of 100 рег cent. The kilowatts wanted for the 19 trains I make out to 
be 8,650, and for the 7 trains 2,080, or less than one-third of the 
maximum load. Mr. Langdon takes an average of 5,000 kilowatts, but 
he strikes his average by taking the maximum average in everv case. 
He says that in each train of this class he has taken it as a loaded train, 
whereas some would certainly be light trains. He also accords to cach 
their full merit of speed. The average number of trains passing Luton 
is ІГ9, and passing Harpenden 124. Не has taken an average of 14 
trains per hour. 5,000 kilowatts will not drive the r9 trains at their full 
speed. Тһе units generated per annum he makes out would be 
43,800,000. That is taking 5,000 kilowatts for 24 hours and 365 days. 
I think the fairer way of getting the total units likely to be generated 
would be to take Tables II. and III. on pages 129 and 130, and work 
out the units per hour throughout the 24 hours. If this be done, the 
figure is more likely to be 39,000,000. If the units are less, and as low 
as I calculate them to be, it affects the cost per kilowatt-hour, and con- 
sequently per train-mile, by fully 10 per cent. in every case except the 
coal bill. All the other items making up the cost per kilowatt-hour are 
per train-mile, are standing charges, and are quite independent of 
units generated. Аза matter of fact the load-factor, on such a scheme 
as is before us, will only workout at something like 65 per cent., i.e., the 
ratio of the units which would be generated, if the maximum load 
8,650 kilowatts remains on for 24 hours throughout the 365 days, and 
the actual units likely to be generated. Further, I do not think that the 
engineer in the station is likely to know when the maximum load would 
come on, and consequentlv he would require to keep the maximum 
power running, in case it did come on. The annual coal-bill of the 
Liverpool Overhead Railway, including carting and ashes, is stated 
as o118 per kilowatt-hour. Even if allowance is made for a lower 
number of units per annum, the cost per train-mile is fully та. in favour 
of electric driving. 

There is one other thing which I would like further explanation of, 
and that is the 2} per cent. allowed for leakage. It would appear that 
the insulation per mile of the line was only something like 180 ohms. 

Towards the end of the paper Mr. Langdon discusses the adoption 
of electric traction on small branch-railways, and incidental use of gas 
plant. I quite agree with him that there isa very large field for the изе 
of this, as the cost per horse-power hour by using gas on plant not ex- 
ceeding 400 Н.Р, is one quarter of that when using coal and steam. 
Further, in the small branch-lines, the whole plant could be shut down, 
as the stations are during the night. For small plant, therefore, gas 
engines would be preferable. Fluctuations in pressure are not of 
serious account. 

Мг. M. В. Наш: I read Mr. Langdon's paper through several Mi. Меч. 
times, and each time I did so the more dissatisfied I was with the 
results he arrives at. In my opinion Mr. Langdon’s figures from begin- 
ning to end аге at fault. He has attempted to imitate the traffic over a 
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certain section of the Midland Railway, but, in doing so, has assumed 
only about half the trains there should be, and has made up his total in 
quite a different proportion from that existing over this section. Next, 
his choice of the electric system appears to me to be not necessarily the 
best. The items of the cost per train-mile deduced by him appear to me 
very doubtful ; and lastly, the comparison itself of the assumed clectric 
system with the existing system seems unfair, as the two systems are 
not at all on the same basis. These points I propose to go into a little 
more fully. Looking at Table IV., I am inclined to think that a great 
mistake has been made. Тһе second and third columns show the 
number of trains of different classes that pass Luton апа Harpenden in 
24 hours, giving averages of rr'9j and 1274 passing per hour the two 
places respectively. On page 133 the author tells us he has taken 14 
trains passing per hour a particular point, and has apportioned them :— 


3 trains, speed 50 miles per hour. 
2 » » 32 „у » 
4 » » 35 »"* » 
5 ” » 25 » ) 


These are tabulated іп column 4 of Table IV. The author then tabu- 
lates in columns 7, 8, 9, and ro, the load, tractive effort, mechanical 
horse-power, and equivalent in kilowatts corresponding to each train. 
Columns тт and 12, headed “Total Mechanical Н.Р. and K.W.,” are 
obtained by multiplying the number of trains of each class by the 
corresponding figures in columns д and ro, 1.е., the mechanical horse- 
power and kilowatts per train. Evidently this can only give the total 
kilowatts required to propel all the trains that pass a given point in one 
hour. 

But later on, on page 135, the author assumes that there are onlv 14 
trains on the 50-mile route, viz., 3 to each of four sections, and 2 to the 
fifth section. 

But with 14 trains going at an average speed less than 50 miles per 
hour there clearly cannot be 14 trains passing a particular point of the 
50-nule route every hour. Refer again to Table IV., aud assume trains 
of classes r, 2, 3, and 4 run at their respective speeds for 24 hours 
without stopping, backwards and forwards over the 50-mile course : — 


In 24 hours 28 trains Class 1 would pass Harpenden 67 times. 


» 2:66 » » 2 )» » » 41 » 

» 4°66 ” ” 3 » » » 78 » 

» 93 » » 4 BE » » III » 
10742 297 


Therefore in 24 hours with 19*4 trains there would pass Harpenden 297 
trains, giving an average of I2'4 trains per hour. Апа assuming 
I4 trains pass a given point per hour, and the train stops at stations. 
there could not be less than 25 to 30 trains at one time on the 50-mile 
route, or approximately double that allowed for in the paper. This 
would not be of great consequence had the author taken the right pro- 
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portions of {һе different classes of train, but he has not done so. The 
proportions are :— 


(1) 3  asagainst 3 


(2) 285 И 2 
(3) 5 Т 4 
(4) 10 ji 5 


This appears to me to throw the whole Table IV. and subsequent 
calculations wrong. The point is that the author appears to have 
assumed that because, say, 5 trains of class 4 pass a given point of the 
route per hour, that there are only 5 trains altogether of this class on 
the route. This cannot be, unless they run at 50 miles per hour. 
Before leaving Table IV. I would like to ask what is really meant by so 
much horse-power рег hour, or kilowatts рег hour, horse-power per train- 
hour, hourlv output of so many kilowatts ; and on page 133, why, because 
14 trains pass per hour a particular place where there are four roads, is 
one justified in saying that there are 35 trains per mile per hour, per 
line of metals? This I cannot follow. 

I will not stop to criticise the tractive effort assumed bv the 
author for the different trains, though it appears to me to be very 
inadequate ; but will assume that 5,000 kilowatts will work 14 trains 
travelling at their respective speeds a total of 480 miles per hour, back- 
wards and forwards on the sgo-mile route. 

Look at Table VII. We can divide thc total cost into threc main 
heads— 


Generating and Distributing per train mile 2114. 


Locomotive drivers and assistants m 2:65 
Renewal of machinery, cable, etc. У 2726 
7'ozd. 


2°65 pence per train-mile for driver and assistants is equivalent to 0:25 
pence per kilowatt-hour, see Table VII. Now suppose these men work 
only 8 hours per day, i.e., for the 14 locomotives, we should want 84 men 
who get 0725 pence per kilowatt-hour. Compare this with Table V., the 
wages paid to the men looking after the machinery supplying these r4 
locomotives. There are :— 


I Chief Engineer at... se ... £200 per annum 

I Assist. do. » 250 ,, » 

5 Do. do (for sub- stations) at 200 , р 

3 Switch men at $us T UE 50: -%5 н 
215 Do. js es ds sce TAO 3 js 

I Clerk Қ? s as ... 120 ,, Ж 

7 Engine Attendants at idi ... 405. рег week 

7 Do. ао. т €" Jee ES. avos 

12 Stokers » bus «e “BOSH. з. 

15 Labourers РЯ 225. ,, 0 


Other Sub-station wages at .. ES 400 per annum 
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There are wages allowed for at least 84 men here, and by Table V. 
the total cost of these wages per kilowatt-hour comes out 0°0544d., 
whereas for the 84 locomotive attendants Mr. Langdon gives in 
Table VII. оғ254 pence per kilowatt-hour, or nearly five times as much. 
If we are to account for this by the fact that other locomotives are 
standing idle ready for use, it means practically that 4 squads are idle 
for every one on the move, and this for every hour of the day and 
night. This is incredible. Look at this another way. Each locomo- 


tive travels 370. 3. miles per hour, апа each squad (if only working 


8 hours per day) would cover 1,900 miles per weck. The combined 
wage of the two locomotive men would be 8os. per week, which comes 
out at 4d. per train-mile instead of 2:65 pence; hence it is that more 
than 4 squads are paid for each one that is оп the move. Іп the foot- 
note on page 139 Mr. Langdon shows that 2°65 pence corresponds to а 
daily mileage of from 45 to 58 miles; how, then, can he apply it to his 
case where his hourly mileage is 34 per running locomotive, or, if wc 
take two idle locomotives for every one that is moving, a daily mileage 
of 270 ?—unless he can show that in the case of the electric locomo- 
tive some abnormally great expense, which is not at all obvious, is 
likelv to come in here. Surely some explanation of this figure is 
needed ; it cannot include cleaners, coal men, tube men, repairs, etc., 
for these are given as independent items in Table VI., but it is hardlv 
possible that it stands for the wages of drivers and assistants alone. 
In any case it appears to me that a comparison of costs worked out for 
a more or less hypothetical case where the daily mileage per locomo- 
tive would lie between 270 and зоо with those of the Midland Railwav, 
where from Table I. we see the mileage for 1899 was but 52 per locomotive 
per day, cannot Бе of very great value. Now comece to the third heading 
of the total cost, viz., repair and renewal of machinery, etc., at 2°26d. 
per train-mile. The author assumes 2d. рег mile for the renewals and 
repairs of everything except cables and third-rail, this being one-fifth 
less than with steam, because he says the wear and tear of stationary 
engines or niotors cannot possibly be as great as with steam locomo- 
tives ; and with these words he practically dismisses an item which is 
one-third of the total cost per train-mile. Now we have to compare 
the wear and tear of stationary engines, boilers, economisers, con- 
densers, exciters, switchboards, buildings, sub-stations, transformers, 
rotaries, cranes, chimney stacks, and electric locomotives, with that for 
steam locomotives alone; and I must say that the above conclusion 
does not appear at all obvious to me. 

According to my reckoning the sum of 2'264. per train-mile comes 
out at about 03 per cent. of what seems to me would be the first cost of 
a complete 10,000-kilowatt generating station, plant, with locomotives ; 
if, however, more spare plant be allowed for, as seems to me to be 
desirable, the sum allowed for depreciation, renewals, etc., would come 
to something like 5 per cent. of first cost, which, since it has to include 
the wear and tear on the third rail besides the heavy expenses for 
upkeep of locomotives, certainly appears insufficient. Although Mr. 
Langdon gives the total average saving effected by the employment 
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of electricity on page 141 to six significant figures, I notice that on 
page 147 he is willing to knock off 20 per cent. of this for shunting 
operations, and to duplicate the generating units if necessary with а 
corresponding increase of his figures. 

I would like now to add a few words on the electrical side of the 
question. Even here the question is never raised as to whether the 
assumed system isthe best for the purpose. In my opinion it is ques- 
tionable whether the proper system would not be to employ three-phase 
motors on thelocomotives. "The distance between stations is great ; the 
speed between stations might be maintained constant and the same for 
each class of train ; then, would it not then be feasible to have a 15,000- 
volt transmission line (if abroad, an overhead line) and feed into the line 
through static transformers at intervals, transforming from 15,000 to 1,000 
or 2,000 volts ; the overhead trolley or other overhead contact system 
to be fed at this pressure, and the locomotive motors to be wound 
likewise for this pressure? If this system were feasible, the sub-stations 
with their engineers and rotating machinery would be replaced by 
transformer chambers requiring no attendants, the loss in the rotaries 
reckoned here at 10 per cent. would be eliminated, the rail loss of 10 
per cent. would be replaced by an overhead conductor loss of, say, 
4 per cent., and the losses in transmission line and transformers would 
be reduced. In fact, I think an improvement of 20 per cent. on Mr. 
Langdon's overall efficiency would be possible. Continuous-current 
series motors with rotaries are assuredly the right thing for heavy city 
traffic, where distances between stations are short and speeds are pro- 
portionately high. In such cases the most economical procedure is 
rapidly to accelerate up to maximum speed, and then, if possible, to cut 
off current entirely. In such cases the speed would be never constant 
for a moment, and three-phase motors would therefore be most 
uneconomical and inefficient. Where, however, long stretches inter- 
vene between stations, constant speed may be maintained, and three- 
phase motors will be equally efficient as series motors. Three-phase 
motors would, of course, be less efficient in fogs where the speed would 
have to be reduced ; special low-speed locomotives weuld be built for 
goods trains, and for use where shunting was carried on extensively. 
The adoption of three-phase motors in the locomotives certainly 
seems to me to merit discussion, but Mr. Langdon does not refer to it 
at all. 

Mr. Patrick M. BARNETT said that he had come to listen and not to 
speak, but he had listened with a great deal of pleasure to the discussion. 
He thought that it would be a waste of their time for him to make апу 
remarks on the subject, more especially as he was ncither a mechanical 
nor an electrical engineer. He was, however, interested in the question 
before them very much, and he would like to put one or two questions. 

In regard to electric traction by a conducting-rail, he could easily 
understand that in а subway or tunnel such an arrangement might be 
quite suitable and proper, but he would like to know how it would be 
possible in country districts. They knew that in this country there were 
a great many level-crossings in connection with railways, and the con- 
tinuous rail could not be carried over these crossings. He would like to 
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know how they were going to manage this withou breaking the electrical 
connection. 

Another point that he would like information upon was what effect 
сіесігіс traction would have in the case of those working on the line. 
What would its effect be on the surfacemen or on the train if a crowbar 
was laid across the conducting and running rails ? 

Continuing, the speaker gave an account of a visit to a railway in 
France worked by an electric motor and accumulators. 

Mr. J. Е. McINTOSH expressed the pleasure he had in being present 
and hearing the discussion, and said that, like the previous speaker, 
he was a mechanical, not an electrical, engineer, and would have pre- 
ferred to be a listener only. With regard to the question that Mr. 
Barnett had asked, he thought that if Mr. Barnett had gone to the 
Paris and Orleans Electric Railway he would have got the information 
he desired. The speaker had been curious to get information regarding 
this very point, namelv, as to how an electric engine was to get over а 
crossing, or do shunting, without interruption of the transmission of 
power. Не had had the pleasure of seeing how this was done, and 
also of travelling on an electric locomotive which took the Bordeaux 
express from Quai d'Orsay to Austerlitz, a distance of 24 miles. 
Mr. Barnett would have found that the power was transmitted from 
the ground rail to the roof of the tunnel in shunting, and that a rail 
was placed on the roof, so that immediately the engine leaves опе line 
for another, it takes the power from the top. 

Another point that he would like to speak about was the trouble 
likely to arise in the winter time in connection with snow wreaths 
covering the power-rail. He had been puzzled to know how snow 
would affect the transmission of the current from the rail to the loco- 
motive. But he had discovered that this also could be got over in the 
same way as they do in France, and that was in cuttings where there 
were likely to be snow wreaths the rail could be elevated, so that it could 
be out of the reach of snow. On the electric railway in France, to 
which he had already referred, he could assure them that it was a very 
interesting experiment to him to step on to an engine which had no 
steam ; but when the driver got the signal to start he pulled the cord, 
and the whistle blew in the very same way as an ordinary locomotive. 
This whistle he found was worked by air, a small dynamo working a 
small Westinghouse pump. Before the train had gone very far they 
were going at a speed of from 20 to 25 miles per hour, and it seemed 
that this speed could very easily be increased. What had struck him 
very much was that an incline seemed to have no effect upon the 
clectric locomotive, and he was very much impressed with it. 

Concluding, the speaker said that with reference to the dis- 
cussion, he thought they had perhaps been going just a little too far 
ahead. They were all aware of the necessity of the supersession of 
steam by electricity. They knew that the coals in this country could 
not last for ever. He was therefore more inclined to thank Mr. 
Langdon than to criticise his paper, зесіпр that he had given them the 
opportunity of discussing what would be the best methods to adopt in 
electric traction ; and without beginning to calculate the cost or expense, 
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he thought they ought to keep in mind the necessity of having the lines МЕ к 
worked by electricity, and to consider the best way by which this could У 
be done. E 

Mr. SAM Mavon : In Table VII. the largest item by far is for drivers Mr. Mavor. 
and assistants, and it is not clear that so high an allowance as 2:65 pence 
per mile is necessary. I have learned from Mr. McIntosh, of the Cale- 
donian Railway, that a fair day's mileage for a driver is from бо to 
120 miles, but sometimes 130 miles is performed. Assuming an average 
of go miles per day, and a cost of 15s. per day for driver and assistant, 
the rate per mile would be 2 pence. There can be no doubt that a 
greater daily mileage would be realised from the drivers with electric- 
than with steam-locomotives. The electric locomotive depots being 
close to the terminal stations instead of several miles distant from them, 
as is frequently the case, would save drivers' time both at the beginning 
and end of the day's work, and the time of the driver going to or from 
the depots or water towers for coal and water would be saved with the 
electric locomotive. 

The section of the line upon which the paper is based is favourable 

to the case for electric driving, as the load-factor is good, and it is 
doubtful whether Mr. Langdon's assumption would be realised that 
approximately similar results would be obtained on branch-lines. Тһе 
splitting up of trains and giving more frequent service, although it 
improved the load-factor, would largely increase the cost for drivers. 
It is interesting to note in this connection that the tendency on main- 
line trains is to increase their length and weight. Such luxuries as 
dining-cars, now so common on express trains, could not be afforded 
unless trains were long, and the additional space provided for the 
comfort of passengers has led to the use of the larger and heavier 
coaches now employed. Тһе section of line considered in the paper 
is approximately level, but on other sections of the Midland, and on the 
London and North-Western, and on the Scottish lines, steep gradients 
have to be faced, and this, coupled with the increasing weight of 
express trains, would involve the use of electric locomotives of much 
greater power than those anticipated in the paper. 

Mr. W. PICKERsGILL : In computing the total power required to Mr. 
work the train on the given line between St. Pancras and Bedford, Mr. Pickerssill. 
Langdon has taken for the basis of his calculation the number of trains 
passing a given point in a given time. I am of opinion that a more 
accurate result of the power required could have been obtained if the 
maximum load to be hauled at an average speed at one time had been 
taken for the whole of the so-mile line. Generally speaking, the 
maximum number of trains that can be put upon a length of line 
depends upon the number of block sections, and assuming that there 
are IO block sections between given termini, it would be possible to 
get as many as 40 trains in a 50-mile section of four rails at the same 
time. This, however, is very improbable, but I am of opinion that 
during holiday seasons or specially heavy traffic there would be many 
more trains on the section than 14, which is the number that Mr. 
Langdon bases his power upon. If this were so, it would be found 
that in order to provide for the maximum demand, as also to insure 


Мг. 
Pickersgill, 


Мг, Yorke. 


216 LANGDON: STEAM V. ELECTRIC LOCOMOTIVE. (Glasgow, 


against breakdowns, and have duplicate plant for repairs, а larger 
installation would be required and consequently increase of capital, 
which would have the effect of increasing the standing charges and 
the cost per train-mile. 

I am of opinion that the formule adopted by Mr. Langdon for the 


2 


traction effort for moderately high speeds, viz., 3 4- b pounds per ton 


250 
is not far from being correct, but I find that no allowance has been 
made for the resistance due to gravity, curves, or head and side winds 
which offer very serious resistance to the passage of trains, especially 
when running at high speeds. 

If the data as to the cost of working a train-mile by steam locomotive 
includes the expenses due to piloting, light running, and shunting, and 
other work not classed as train-miles, then the comparison as to the 
cost of working bv electricity, not being on the same basis, is fallacious, 
and it would be advisable to get а true comparison before seriously 
discussing the question. 

I should also expect that the average cost per train-mile for steam 
locomotive also includes a large amount of heavy suburban and local 
goods working through some of the busy districts on the Midland line, 
and the cost of working these trains would no doubt be very much 
higher than the cost for working trains on the main line. If these trains, 
which can hardly be considered as main-line trains, and also the cost 
of working them, were eliminated, it would no doubt have the effect of 
materially reducing the cost per train-mile for the section under соп- 
sideration. 

I observe that Mr. Langdon allows a sum of £50,000 per annum for 
the whole of the shunting on the Midland Railway, but I am ot opinion 
from experience that this sum must have been far too little to cover the 
cost, considering the magnitude of the work on the Midland Railway, 
to say nothing of the piloting and light miles and other work not 
included in train-miles. 

Mr. В. Е. Уовке (communicated) : I have only just received to-day 
a complete printed form of the paper, and am therefore rather handi- 
capped in entering into а discussion on it at such short notice. 

It has been printed by the electrical papers, but in some cases errors 
have crept in, such as that concerning the pressure which was stated 
to be 100,000 volts instead of 10,000; and the paper itself for publishing 
purposes has been split up into two different parts. I should like to 
take this opportunitv of appealing to our electrical press, whether thev 
could not in important papers of this kind print the whole in one issue. 
It is most tantalising, on arriving at the interesting part, to have to wait 
another week for the conclusion. 

It is a great pleasure to me to өсе my former chief of the electrical 
department, Midland Railway, again to the front. He was at the front 
in the early davs of electric lighting, not only as regards the electric 
lighting of the Company's hotels, but in lighting the goods and shunting 
yards, which entailed a subsequent diminution in the risk to life, and 
many other contingent advantages. Mr. Langdon is now again to the 
forc with his present proposal for substituting electric locomotives in 
place of those worked by steam. 
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The present time does not appear opportune for discussing en- 
gineering details. Provided the railway companies accept the principle, 
there is апу amount of electrical engineering talent in this country 
successfully to evolve the best system to be adopted. This system 
must be applicable to all the railwavs, so that such errors as those 
which occurred in connection with the broad and narrow gauge may 
be avoided. . 

There аге, however, опе ог two general points which I should like 
to notice. The first is this: that assuming electric working be 
introduced, the public will certainly expect that trains will be run 
at an increased speed. It will be quite possible to do this, using 
the existing weight of rails, as the injurious knocking action of the 
reciprocating engine will be absent. 

The other point I note is that the author has taken as the basis of 
calculation the working of an important main line ; but how do the 
figures work out for branch lines with only a comparatively light 
passenger traffic ? Will it be possible to work these lines also economi- 
cally? I am interested іп this question, as I have lately had occasion 
to lay a proposal before one of the Scottish railways for working a short 
line electrically by means of water power, and the question to be 
decided was whether, in view of the small traffic, it would pay to put 
down the necessary plant. Even supposing that the railway companies 
do not accept the proposal in its entirety, I still think that our Highland 
railways would benefit by the adoption of auxiliary electric locomotives 
for working their steep gradients. Where these heavy gradients exist, 
water power is nearly always present. Take the Highland Railway, 
for instance, with the steep climb from Struan to the top of the 
Grampians. The river Garry would furnish any amount of power for 
auxiliarv locomotives. 

Again, on the West Highland Railway, with the long climb from 
Spean Bridge up to the summit at Corrour, the water powcr of the 
Spean Valley could provide some 10,000 H.P., which would be greatly 
in excess of what would be required. 

I agree with the author on one of the points on which he lays stress, 
namely :—that the new system can be introduced by degrees, and when 
it has been proved to be a success, further great extensions will 
necessarily follow. 


At the conclusion of the meeting, Mr. Н. A. Mavor moved * that 
Colonel R. E. Crompton and his gallant boys, who are being officially 
welcomed back from the front in London by our Parent Institution on 
Tuesday next, be accorded a hearty vote of congratulation by this 
Section, and that we send them our sympathetic wishes on the con- 
clusion of their patriotic and arduous campaign." 

This was duly seconded, and was carried with acclamation. 


Mr. Yorke 


Мг. 
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against breakdowns, and have duplicate plant for repairs, а larger 
installation would be required and consequently increase of capital, 
which would have the effect of increasing the standing charges and 
the cost per train-mile. 
I am of opinion that the formule adopted by Mr. Langdon for the 
7 


2 


traction effort for moderately high speeds, viz., 3 t pounds per ton 


is not far from being correct, but I find that no allowance has been 
made for the resistance due to gravity, curves, or head and side winds 
which offer very serious resistance to the passage of trains, especially 
when running at high speeds. 

If the data as to the cost of working a train-mile by steam locomotive 
includes the expenses due to piloting, light running, and shunting, and 
other work not classed as train-miles, then the comparison as to the 
cost of working bv electricity, not being on the same basis, is fallacious, 
and it would be advisable to get a true comparison before seriously 
discussing the question. 

I should also expect that the average cost per train-mile for steam 
locomotive also includes a large amount of heavy suburban and local 
goods working through some of the busy districts on the Midland line, 
and the cost of working these trains would no doubt be very much 
higher than the cost for working trains on the main line. If these trains, 
which can hardly be considered as main-line trains, and also the cost 
of working them, were eliminated, it would no doubt have the effect of 
materially reducing the cost per train-mile for the section under con. 
sideration. 

I observe that Mr. Langdon allows a sum of £50,000 per annum for 
the whole of the shunting on the Midland Railway, but I am of opinion 
from experience that this sum must have been far too little to cover the 
cost, considering the magnitude of the work on the Midland Railway, 
to say nothing of the piloting and light miles and other work not 
included in train-miles. 

Мг. В. Е. YORKE (communicated) : I have only just received to-day 
a complete printed form of the paper, and am therefore rather handi- 
capped in entering into a discussion on it at such short notice. 

It has been printed by the electrical papers, but in some cases errors 
have crept in, such as that concerning the pressure which was stated 
to be 100,000 volts instead of 10,000; and the paper itself for publishing 
purposes has been split up into two different parts. I should like to 
take this opportunitv of appealing to our electrical press, whether thev 
could not in important papers of this kind print the whole in one issue. 
It is most tantalising, on arriving at the interesting part, to have to wait 
another weck for the conclusion. 

It is a great pleasure to me to see my former chief of the electrical 
department, Midland Railway, again to the front. He was at the front 
in the early days of electric lighting, not only as regards the electric 
lighting of the Company's hotels, but in lighting the goods and shunting 
yards, which entailed a subsequent diminution in the risk to life, and 
many other contingent advantages. Mr. Langdon is now again to the 
fore with his present proposal for substituting electric locomotives in 
place of those worked by steam. 
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The present time does not appear opportune for discussing en- 
gineering details. Provided the railway companies accept the principle, 
there is апу amount of electrical engineering talent in this country 
successfully to evolve the best system to be adopted. This svstem 
must be applicable to all the railwavs, so that such errors as those 
which occurred in connection with the broad and narrow gauge may 
be avoided. . 

There аге, however, опе or two general points which I should like 
to notice. The fist is this: that assuming electric working be 
introduced, the public will certainly expect that trains will be run 
at an increased speed. It will be quite possible to do this, using 
the existing weight of rails, as the injurious knocking action of the 
reciprocating engine will be absent. 

The other point I note is that the author has taken as the basis of 
calculation the working of an important main line ; but how do the 
figures work out for branch lines with only a comparatively light 
passenger traffic ? Will it be possible to work these lines also economi- 
cally? I am interested in this question, as I have lately had occasion 
to lay a proposal before опе of the Scottish railways for working a short 
line electrically by means of water power, and the question to be 
decided was whether, in view of the small traffic, it would pay to put 
down the necessary plant. Even supposing that the railway companies 
do not accept the proposal in its entirety, I still think that our Highland 
railways would benefit by the adoption of auxiliary electric locomotives 
for working their steep gradients. Where these heavy gradients exist, 
water power is nearly always present. Take the Highland Railway, 
for instance, with the steep climb from Struan to the top of the 
Grampians. Тһе river Garry would furnish any amount of power for 
auxiliary locomotives. 

Again, on the West Highland Railway, with the long climb from 
Spean Bridge up to the summit at Corrour, the water power of the 
Spean Valley could provide some 10,000 H.P., which would be greatly 
in excess of what would be required. 

I agree with the author on one of the points on which he lays stress, 
namely :—that the new system can be introduced by degrees, and when 
it has been proved to be a success, further great extensions will 
necessarily follow. 


At the conclusion of the meeting, Mr. Н. A. Mavor moved “ that 
Colonel R. E. Crompton and his gallant boys, who аге being officially 
welcomed back from the front in London by our Parent Institution on 
Tuesday next, be accorded a hearty vote of congratulation by this 
Section, and that we send them our sympathetic wishes on the con- 
clusion of their patriotic and arduous campaign." 

This was duly seconded, and was carried with acclamation. 


Mr. Yorke 


Мг. 
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REPLY OF MR. LANGDON TO THE DISCUSSION ON HIS 
PAPER: “THE SUPERSESSION OF THE STEAM BY THE 
ELECTRIC LOCOMOTIVE.” (London, December 6th, 1900.) 


Мг. W. LANGDON, in reply': It is perhaps unnecessary that I should 
say that the paper which I have submitted for your consideration is 
practically the outcome of the success that has attended the recent 
application of electricity to the movement of railway trains. That 
which has been done has shown the practicability of the application of 
that power to the purpose, and naturally the question arises whether 
any and what economy might be expected to attend its use, supposing 
it should be found applicable to the same purpose in connection with 
our large railway systems. І have been attacked because I have 
brought this paper before the members of the Institution of Electrical 
Engineers. Well, it naturally appeared to me that it was a question 
which intimately affected the Institution of Electrical Engineers, and 
that perhaps no better body in the kingdom could be found to discuss 
its merits or its de-merits. It is not improbable that some of my 
deductions may be erroneous, although I have endeavoured in consider- 
ing the subject to deal with it in an unbiased manner and as fairly as 
possible. I do not suppose that if electrical energy is applied, as 
undoubtedly it will be applied some day, to the movement of the traffic 
of the main lines of railway of this kingdom it will be in my time; I 
may see something of it, but I shall not see its general application. I 
have therefore no personal interest in the subject beyond the advance- 
ment of that which I believe will prove of vast interest to the community 
at large. - 

Professor Forbes has stated it is a paper which ought to have been 
brought forward somewhere else, and he has in a measure criticised my 
deductions. As I have stated in the paper, the subject has necessarily 
been dealt with by me in an abstract manner. The purpose of the 
paper has been to evolve, if possible, some result as to the economy 
and other advantages that might attend the use of electricity as applied 
to our large railway-services, and it certainly appeared to me that there 
was much more probability of a successful issue if applied on portions 
of line where the line was considered to be full of trains and where 
there was a great deal of work doing, than if a section of line less used 
were selected. It was for that reason that I took the London and 
Bedford section of line. I do not know if I am wrong in the tractive 
effort formula which I have employed, but I do know that it is derived 
from absolute experiments. I am not, however, prepared to say if it 
embraces actual results obtained from goods and mineral trains, but I 
have every confidence in its accuracy with respect to all kinds of 
passenger trains. 

Mr. Mark Robinson, on the occasion of the last meeting, raised the 


1 The first portion of this reply was given verbally at the Ordinary General 
Meeting in London, on Thursday, December Oth (see p. 193). 
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question whether it was preferable to work a section of line from a 
central generating station serving several substations or to work it from a 
number of local generating stations. I feel quite satisfied that his remarks 
were бола fide, that they were not at all influenced by any personal 
desire with respect to the type or capacity of stationary engine which 
should be employed. Messrs. Willans and Robinson had in the Paris 
Exhibition an engine of some 1,400 H.P., I think, and I have no doubt 
that if they were called upon to produce an engine of still greater 
capacity it would be quite within their power to do so ; but that which 
has, I think, escaped the attention or consideration of several who have 
taken part in this discussion has been the fact that with a central 
generating station serving substations you are able to transfer the 
sectional load from one section to another without materially altering 
that at the generating station. 

Mr. Raworth has called attention to the fact that although I had 
taken 14 trains as the average number of trains passing over the 
section of line in one hour, one of the tables produced in the paper 
showed that as many as 19 trains were present during one of the 24 
hours. That is a fact, but Mr. Raworth omitted to say that during 
other hours the number was considerably less, the minimum being in 
one hour as few as seven. That shows how the load will vary. There 
vill be a continually varying sectional load so far as the subsections them- 
selves are concerned, but the load at the central generating station will be 
practically continuous. If you have to establish local generating stations, 
of course you have to make provision for the maximum number of trains 
that would be in that section, and your power must always be there 
in order to give the possible maximum output. That means you would 
have to increase your plant, and as your load would not be constant as 
it is at the large central generating station, you could not eftect the same 
economy especially with regard to your coal bill. I have since the last 
meeting gone into some figures with respect to the establishment of 
these local stations, and-I make the primary outlay £430,000, instead of 
£470,000 for the central scheme, while the working expenses come out 
at 0:8233 per kilowatt as against 06726 for the central generating station, 
and per train-mile at 7'160 against 7021. If we add to that interest at 
3% per cent. on the outlay, we get this result : 09223 per kilowatt for the 
local generating stations asagainst 0'7716 for the central station scheme ; 
and 8:0208 as against 7.662 per train-mile. In making that calculation I 
have taken coal at 4 lbs. per kilowatt, because it seems to те quite clear 
that you could not maintain 3 165. with so varying a load. 

The subject as to whether a section of line could be worked more 
economically or with greater advantage by a central station feeding so 
many substations, or whether the line should be divided into sections, 
each section being provided with its own generating plant, is one which 
would naturally command careful consideration at the hands of any one 
who might be called upon to consider its practical application. 

It has been stated that my allowance of 3 Ibs. of coal per kilowatt is 
insufficient. Mr. Cunningham, on the occasion of the last meeting, 
quoted 3:6 165. as the lowest he was aware of ; Mr. Parsons suggested 
25. Only a short time since, Engineering published some data upon 
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the subject, and I have culled one or two results from its pages. On 
the Metropolitan Elevated Chicago line the Ibs. coal per kilowatt was 
1'75; at Boston it varied from 2°61 to 4'13. I have not here the whole 
of the figures, but if my memory serves me right there were several 
results given with respect to Boston, and the average came out at a 
little over 3 lbs. Baltimore City was 3723 lbs., and Brooklyn City 3%. 
Again, the Engineer of May 25th, dealing with the Berlin tramways, 
gives 211 as the amount of coal used per kilowatt-hour with super-heated 
steam, and 2°3 with saturated steam. 

My station charges have not been in any way criticised, but the 
cost of drivers has been mentioned by more than one speaker. Mr. 
Crompton considers that a less wage might be paid to the class of 
drivers who would be required to handle the electric locomotives or 
motors. Possibly that would be so. I have not claimed any exception 
for that, but, on the contrary, I have in all my charges, as I 
thought, endeavoured to deal with them in such a liberal manner that 
they should merit no adverse criticism. There is no doubt that the 
cost of drivers is a very heavy charge indeed, but I do not see how it is 
possible to have it to any extent modified unless the traffic arrangements 
are also modified. With regard to the repair and renewal of machinery, 
Mr. Crompton very properly pointed out that there would be no 
boilers practically beyond those required at the generating stations, 
and that consequently there should be a great reduction in the annual 
cost, because a great deal of the charges for repairs in connection with 
the locomotive is in connection with the boilers. Не considered—and 
I think one or two other speakers who followed him also considered— 
that my charges in connection with the repair and renewal of machinery 
were too high, and that something less than twopence per train-mile 
ought to be obtained. In this I quite agree, but I prefer to adhere to 
the figures I have adopted for the reason just advanced. 

Professor Carus-Wilson has been kind enough to send me a copy of 
his paper on polyphase traction, read before the members of the 
Institution of Mechanical Engineers. I readily and heartily acknow- 
ledge the Professor’s kindly courtesy, but I may perhaps be allowed tc 
say that whatever is done with respect to the introduction of electricity 
for the operation of main-lines of railways it will have to be, I feel 
convinced, of the most simple possible character. For instance, poly- 
phase working would require two contact rails, and that alone would 
introduce a great deal of complication. 

I am sorry to find that time forbids the completion of my remarks. 
I will endeavour to complete what I was desirous of saying in writing. 

Мг. W. LANGDON (communicated Fanuary 23, 1901): The lateness of 
the hour, and consequently the few moments which could be allotted 
me in which to attempt to reply to the observations of the several 
speakers, obliged my remarks to be so hurried, and so incomplete, that 
I feel it will be necessary to trespass somewhat largely upon the privi- 
lege accorded me to supplement what I then said by this communication. 

It is not my intention to review the remarks of each speaker, but to 
deal with the salient points under their respective heads. These I 
regard а5-- 
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(1) The Tractive-Effort formula employed by те; 

(2) The Coal factor ; 

(3) The Hypothetical Electrical System employed for comparison. 
And to these I propose to add certain observations emanating from 
mvsclf in relation to— 

(4) The Rolling Stock and Permanent-way arrangements. 


Tractive-Effort Forinula.—'The results arrived at under Table IV. 
depend largely upon the formula which I have employed. If inaccurate, 
or affording too low a factor, my deductions will call for modification. 
The question therefore is whether the formula employed is a reasonably 
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Fic, C.—Extracted, by permission, from Fowler's " Mechanical Engineer " 
Pocket-Book for 1900. 


fair one. By the courtesy of Мг. W. Н. Fowler, the author of “ Fowler's 
Mechanical Engineer Pocket Book for 1900,” I reproduce the Chart 
which occurs at page 333 of that work, showing the Tractive Effort 
curves plotted from results arrived at by various experimenters. Wolff's 
curve is derived from data published іп the Mechanical Engineer for 
February 25, 1899, and is as follows :— 
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К being resistance in pounds per ton, and V velocity in miles рег 
hour. 

This formula when worked out for a speed of 50 miles per hour 
provides a lb.-ton factor of 12. That adopted by me provides for 
15 lb. 

At page 138 Fowler also furnishes the following formula for speeds 
over 20 miles an hour as that established by “ modern experimenters” :— 


V2 
R, =3 to! 


and where the speed is less than 20 miles an hour— 


R,—3 (+ 7) to 


R, in each case being resistance in pounds per ton of engine, tender, 
and train ; and V speed in miles per hour. 

In cach instance these afford a lower Ib.-ton factor than that employed 
by me. 

Laboriette's curve is a trifle higher than Wolff's, while Wolff's and 
Deeley's are practically synonymous. 

I here insert a letter which I have received from Mr. Deeley.' Mr. 
Deeley, as is well known, occupies the position of Mr. S. W. Johnson's 
Chief Technical Officer, and has for many years been associated with 
investigations of this character. 

On the chart, copy of which I have produced, isa curve representing 
Clark's deductions ; and in * Molesworth ” is the formula— 


К = 6 + ‘ооо У; 


where V = Velocity of train, miles per hour, К = Resistance, lbs., per 
ton of train, which, according to a footnote, is said to be “ modified for 


— +8 for lubrication by 


oil lubrication, from D. K. Clark's formula іі 
grease," (The name is spelt differently, but the curve is apparently 
based upon the above formula.) 

Working these out for the same speed, viz., 50 miles per hour, it 
appears that the modified formula— presumably intended to apply to 
oil lubrication—produces a Ib.-tonnage of 28:5, while that assumed to 
be applicable to grease lubrication affords a result of 22:62 lbs. ; indi- 
cating that the lubrication by grease is superior to oil lubrication, an 
opinion which few will, I think, share. 

* Molesworth" also gives a formula by Harding, stated to be 
inapplicable to low speeds. Ву this formula the table which accom- 
panies it shows that for a speed of 50 miles the lbs. ton is, by experiment, 
329, and by formula, 3573. 

Summarised, I classify these with their results as under :— 


! Printed in Report of Meeting of Glasgow Local Section (see p. 200). 


MR. LANGDON'S REPLY. 223 


Deeley | 
Я АП agreeing Lbs. Топ 
Wolf | іп at speed of 
Laboriette or T Вас 50 yd ae 
| № 
Barbier | Quoted by 3+ 250 13°00 
Du Bosquet Deeley 
^ d. ^ V? * 
Fowler... sas ч 3+ = -. 11762 
ТАҚСА V - 12 № | 
Do. (forlow speeds)... 3 (7 1) 500 II'84 
Clark (modified)... — 6 + ‘00g V? ... 2850 
Do. iss е m bo +8 ... 22762 
171 


Ц is not clear that Clark's formula embraces the weight of the engine 
and tendcr. If so, then the Н.Р. required for a train of 275 tons, 
including engine and tender, when travelling at a speed of 50 miles an 
hour, would be, by formula, 6 + ‘ооо V?, 1045, instead of 477 as shown 
by me. Ifitis not intended to embrace the engine and tender, then 
the Н.Р. would be 703. In the first case a doubtful attainment on the 
part of the locomotive, and, in either сазе, excessive. Indced the results 
appear to be such as to favour the impression that the higher formule 
must be the result of experiments conducted under conditions very 
ditferent to those attending the tests carried out by other experimenters. 

Ав somewhat confirmatory of the result worked out by me it тау, 
perhaps, not be out of place to quote, from Mr. Johnson's Presidential 
Address already referred to, the following sentence in reference to a 
train of 256 tons: “One of my single-driving-wheel locomotives, 
running between Nottingham and London, burns per indicated horse- 
power per hour, from 2:9 to 3'1 lbs. of coal with ordinary firing, and 
uses about 29 lbs. of water per horse-power, per hour, when the mean 
indicated horse-power is about 400." Тһе italics are mine. From this 
I presume it may be inferred that 400 H.P. is the mean indicated power 
exercised during the journey. Тһе horse-power for such a train and 
spced is shown in my Table IV. as 477. 

Although a copy of my paper was sent to the General Managers and 
the Locomotive Engineers of all the chief railways, Mr. Pickersgill, of 
the Great North of Scotland Railway, is the only locomotive engineer 
who has referred to the subject, and, as I read Mr. Pickersgill's remarks, 
he regards the formula as fairly correct, but considers certain allow- 
ances for curves, gradients, etc., have not been made. Тһе formula is 
the result of a large number of experiments with ordinary made-up 
trains, and, so far as I can ascertain, does take into consideration all 
these points as well as acceleration. А5 Mr. Pickersgill has, іп con- 
formity with others whom I have quoted, made numerous experiments 
to get at absolute results, and as his results would appear to agree with 
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those obtained by the majority of other experimenters whom I have 
quoted, as well as with that formula which I have employed, I can see 
no reason for any modification of my figures—especially as Mr. Pickers- 
gill's investigations would appear to have extended to goods as well as 
passenger trains. It should, however, be borne in mind, as I have 
indicated in the paper, that my deductions are framed on a clear run by 
the trains at the speeds indicated. Some allowance may be necessary 
for frequent or exceptional acceleration, but it is not proper to base this 
upon data obtained from “omnibus” traffic such as that of the City and 
South London, the Metropolitan, or other subway trains. With such a 
central generating scheme as I have outlined, very much of the demand 
for acceleration would be ract by the cessation of demand due to trains 
moving under momentum prior to stoppage. 

Coal Factor.—Probably the item next in importance as affecting the 
accuracy of my conclusions is that of the coal bill. It has been argued 
that the whole question of economy centres upon the coal consumption. 
No doubt coal is a large factor, but I do not agrec that it dominates the 
issue. The question is whether, with a continuous output, day and 
night, with a load factor closely approaching тоо per cent., it is possible 
to gencrate one thousand watts of electrical energy, for one hour, with 
3 165. of coal—coal of an ordinary character, such as is known as York- 
shire or steam coal. 

In dealing with this branch of the question at the conclusion of the 
discussion, I quoted some cases in which electricity power stations had 
complied with this condition, but being pressed for time I did not give 
the load factors. I do so now. 


Output. Coal per Rilowatt-hour. 
Metropolitan Elevated Railway, 


Chicago .......4........ ИТЕР 2,070,537 kw. ... 175 Ibs. 
Boston (1897) 2 Load Factor. 

Albany St. Central.................. 348 per cent. ... 290, 
East Cambridge ................. 5272 » se Sg d 
ТЫ i санны ТГ 36 ji "UR CoU 
Каз Boston амы ақыны 22 - ius 810: a 
Charlestown ырыбына 464 » ж 2OL % 
РО 470 " ss ГІ » 


—ÁÓÀ 


Average 2083 , 


Brooklyn City Railroad (1897) :— 
Kent Avenue Station  ............ 36 ES yn О T 
Southern Station .................. 30 is 4,703 


The whole of these generating stations have not а continuous output. 
They are shut down, or the fires are banked for some hours out of the 
24; while it will be secn that the load factor is feeble in Comparison 
with that which forms the basis of my calculations. I have already 


referred to the results obtained by the Berlin tramways power-station, 


viz., 2'1 to 2'3 lbs. per kw. hour, and it may perhaps not be out of glace 
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if I here quote from a letter received by me from Mr. John Meldrum, of 
Manchester, who, after discussing the subject in a very full and complete 
manner, observes : “ We should consider that the 24 165. mentioned in 
your letter could, under the favourable conditions of constant maximum 
load, such as you name, be reduced in practice to 2} lbs. or even slightly 
less, of course taking the plant to be of the most modern and economical 
character." I am here glad to have the opportunity of thanking Mr. 
Meldrum for his courteous reply to my inquiries, and ready permission 
to make use of his letter. 

The fact is there exists no electricity generating station working 
under such a load factor as is possible—and probably only possible— 
when dealing with a demand such as would be necessary to meet the 
requirements of a stretch of from 30 to 50 miles of railway filled with 
trains both day and night, fed from a central generating plant capable 
of serving such a section of line by substations. Тһе results I have 
quoted above do not apply to such a condition. Surely then if attained 
in Àmerica, and on the continent of Europe, under less generous con- 
ditions, it ought to be possible to attain it in England. 

The mode adopted by me for considering the weight of coal required 
per kw. is a very definite опе. The power derived from the electricity 
generator can be measured to the greatest nicety. "This is not so with 
the steam engine itself. I freely admit I am unable to follow the 
hgures quoted in relation to the consumption of coal by the locomotive 
—whether the indicated horse-power, or the per ton-load, forms the 
basis. I take my figures {гот the data given іп Mr. Johnson's Presi- 
dential Address (although other and later figures arc no doubt to be 
found in those technical periodicals which from time to time publish 
such details), for the reason that they are authoritative. Мг. Johnson 
shows that the average consumption for coal and coke for 24 years was 
50191 lbs. per train-mile, and this had been an increasing factor from 
1884, the quantity for 1896 being 54710 lbs. Now if the London and 
Bradford express locomotive previously quoted burns per I.H.P. per hour 
2'9 to 3' 1 165. of coal per horse-power, per hour, when the mean indi- 
cated horse-power is about 400, itis clear that such engines travelling at 
the speed indicated burn about 24 lbs. of coal per train-mile. This means 
that the locomotives on other trains burn considerably more than 54719 
Ibs, per train-mile ; and with these figures before us it is difficult to 
follow the argument that steam locomotives, when standing, do not con- 
sume coal, To an ordinary observer it seems clear that much of the 
cost at present incurred for coal and coke is due to the consumption 
consequent upon trains being kept standing at stations and other points 
en roule. When a train is put on one side, for another to pass, it must 
kecp steam, or it would not be ready to proceed when called upon. My 
paper has not been written for the purpose of decrying the steam loco- 
motive. I share the general opinion that the locomotive is, having 
regard to the purposes to which it is placed, and the conditions under 
which it has to work, a marvellous piece of mechanism. It is not, 
having regard to these conditions, an extravagant power producer, and 
no such suggestion has been made, but at the same time there сап be 
no question that it is more costly than would be electric traction. 
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Electrical System.—The object of my paper was to consider, pro- 
vided main lines of railway could be worked by electricity, whether such 
a mode of working would be attended with economy. For this purpose 
it was necessary to assume an electrical service. In this spirit I outlined 
a plant which I thought suitable for that purpose. Purposely I drew 
the efficiencies of that plant wide, nor did I attempt to crimp the staff, 
or other charges in connection with the working arrangements. A 
certain sum was allotted as the cost of the plant, cables, etc., and if this 
sum is fairly sufficient for the purpose it is scarcely material to the 
object in view whether the scheme outlined by me is the best that 
could be devised or not. I believe it would be found adequate, but it 
is worth while observing that any increase in the capital outlay would 
scarcely affect the annual charges beyond those required to cover 
interest and depreciation. While penning these remarks my attention 
is drawn to the details of the Albany and Hudson Electric Railroad—a 
line of some 37 miles, the electrical equipment of which is much the 
same as that outlined in my paper; the potential difference of the 


‘primary current being, however, 12,000 instead of 10,000. The service 


current is the same, viz., 600 volts. The contact conductor rail is out- 
side the traffic rails, and is protected by timbers on either side of it, so 
that accidental short circuits or shocks to workmen may be avoided. 
The New York Manhattan Elevated Railroad is also adopting the out- 
side position for the contact rail. 

My paper was read, not for the purpose of advertisement, or to serve 
any personal interest whatever, but that the subject with which it dealt 
might be discussed, and, if shown to be in any portion erroneous, that 
the errors might be discovered. Having no precedent much has had to 
be assumed, and hence my desire that the charges applicable to elec- 
tricity should not be too narrow, or that I should take into acccunt 
every source of saving which would attend its use. PerhapsI am wrong 
in assuming that where my deductions have been questioned it would 
have been but fair that those who questioned them should have íur- 
nished what they believed would prove more accurate. Whether, inthe 
cvent of clectricity proving of service for railway work the plant I Вахе 
so roughly sketched out for comparison purposes is suitable or not, there 
can be little doubt that neither it nor any other scheme would be 
accepted without very careful consideration on the part of the company 
about to make изе of it. My effort has been to show that when the time 
arrives for such an investigation it may, from an economical and national 
point of view, be undertaken with every prospect of advantage. 

The remarks of Mr. Mark Robinson with regard to the power of 
the steam unit to be used, and his observations on fast versus slow 
speed engines, will be read, I am sure, with much interest. His 
observations on the propriety of working the section of line by five 
local generating stations, rather than by five substations served from 
one central generating station, merit every consideration, although, 
personally, I regard the scheme suggested in the paper as in many 
respects more advantageous. My verbal remarks оп this point were 50 
hurried, that I feel I failed to do justice to the economical advantages 
which should, it appears to me, attend a central and substation scheme. 
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sections des entirely in its flexibility. A variable load in the sub- 
station, 5 very little, if at all, the output from the generating 
this demand. Benerating station has to meet the whole demand, and if 
roughout the Centred all in one sub-section, or distributed equally 
the case I € whole of the sections, it is, as a load-factor, immaterial. 
30 far as take, that load is the 14 trains per hour. The load being, 
Waste in * Benerating station is concerned, fairly constant, there is no 
au Соз, water, or labour. Local enerating stations would effect 
а Saving in hi l * | ae 
of each T §-tension cables and іп transformers, but the equipment 
à spare set IOn would be more costly ; for each station must have at least 
filled with of generators, and unless each 10-mile section so served were 
amici trains, so as to establish a constant demand, the result would 
ee x. lower load-factor. Тһе capital outlay would probably be 
ое 1е electrical efficiency would be higher. A number of short 
iuste thus locally served would possibly afford greater security 
М - ailure of machinery, but it would be at the cost of economy. 
27 аге points which will necessarily demand attention when an 
oaks Proposition is ripe for consideration. The governing factor 
и to my mind, be the /oad-factor—such a section of line as would 
nsure a constant output. 
Attention has been directed to the advantages of polyphase systems. 
polyphase system would appear to be objectionable. In the first 
place, because it would entajl the use of two conductor or contact rails 
Which, at junctions and crossings, would prove extremely difficult, if 
fiot quite inadmissible ; and in the second place, on account of its speed- 
nigidity—its inability to admit of acceleration of specd. Railway 
companies have for years been gradually increasing the speed of thcir 
trains, and any clectrical system that may come into use must be 
such as will admit of this acceleration if called for, and also afford as 
large à diversity of speed in the movement of trains as is at present 
enjoyed. А mixed traffic has to be dealt with, and this cannot be 
disregarded. A passenger train differs from goods and mineral trains 
in that each vehicle is supplied with brake-power which enables the 
train to be stopped, if necessary, practically in its own length ; the 
brake-power of goods and mineral trains is, however, limited, and they 
can only travel at a speed regulated by the command which the brake 
сап exercise. Climatic conditions largely affect the speed and opera- 
tions of trains on overland railways. In dense fogs all traffic becomes 
congested, and the movement and speed of the trains has to be 
subordinated to the conditions which prevail. А predetermined 
speed, which must be rigidly observed, would, I fear, entail difficulties. 
Rolling Stock and Permanent-way Equipment.—lt was with some 
surprise І heard Mr. Sprague comment upon the difficulty of producing 
an clectric locomotive competent to deal with such loads as are 
indicated under Table IV. The more so as I had in my mind ап 
clectric locomotive built by the General Electric Company for the 
Baltimore and Ohio Railway Company, for the purpose of dealing with 
heavy traffic. 1 believe I am correct in stating the details of this 
locomotive to have been announced as follows :—Weight on driving 
wheels, 90 tons. Draw-bir pull, 42,000 lbs. ; starting ditto, 60,000 Ibs. 
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Diameter of driving whecls, 62 іп. Length overall, 35 ft. Propelling 
power 4 motors, each rated 360 Н.Р. 

It is quite true that large electric locomotives have not been built 
to travel at speeds of 50 miles or more, but I believe this to be simply 
because there has not been a demand for them. Electricity where 
employed for railways has not been used in what may perhaps be 
termed bulk ; it has been confined to comparatively light trains—the 
largest and heaviest locomotives employed in England being those of 
the Central London. And in all these it is probable that the use of a 
heavy locomotive has, for obvious reasons, been rather shunned than 
encouraged. One would imagine that no difficulty in ventilation, con- 
struction, or speed would attend the production of whatever is required 
so long as it does not exceed in space the structure gauge of the 
railway upon which it is required to travel, and as it does not exceed 
the safety impact allowed for the structures over which it has to travel. 
Main overland railways have a permanent way far less liable to the 
effects of vibration than underground lines. 

Some stress has bcen placed upon the propriety of applying the 
motors to the carriages instead of employing an electric locomotive. 
Main-line traffic, embracing goods and mineral trains, can only be 
worked by the latter. 

It is, as I intimated іп the concluding portion of the paper, in the 
arrangements to be adopted for the distribution and collection of the 
current that the greatest difficulties will be encountered. Хо doubt, 
had time admitted of the continuation of the discussion, reference 
would have been made to this branch of the subject. As it is, the 
matter has passed unobserved, and yet in it, so far as can be seen at the 
present moment, there is cause for the greatest consideration. 
Hitherto, where clectric energy has been the power employed, it has 
been conveyed by overhead conductors, or where a contact rail has 
been used, it has been in those cases only where the line of railway is not 
open to trespassers. With overland railways the intrusion of irrespon- 
sible people can no more be insured against than rain, snow, or flood. 
With all large railways an overhead conductor, or a structure for the 
purpose, is, it is to be feared, impossible. If the current has to be 
collected from a conductor on the ground, it appears that the conductor 
must be arranged practically on the same level as the railway metals, 
or very little above them. It must be protected in some manner to 
avoid accidental, and, if possible, intentional short-circuits. Assum- 
ing that this may be accomplished, its position in relation to the railway 
metals next demands attention. If laid оп the sleepers which carry, the 
railway metals, difficulties will probably arise in executing repairs to 
the running roads. It would therefore appear desirable that it should 
be entirely dissociated from them. This again will necessitate the use 
of a flexible collector, for if the contact rail is dissociated from the 
sleepers which support the railway metals, it will be necessary to ensure 
for it a position relative thereto. 

Although it has been, I believe, fully demonstrated that the current 
can be collected from such a contact rail at a speed of 60 to 70 miles an 
hour, further experiments dealing with maximum quantities of current 
might with advantage be undertaken. 


MR. LANGDON'S REPLY. | 229 


Sections of line subject to floods could only be dealt with by raising 
the line above the flood level—probably not a very costly matter, and, 
moreover, a proceeding desirable from other points of view. 

Conclusion.—]n concluding these remarks I feel it desirable that I 
should emphasise the fact that the purpose of this paper has been to 
show that, primd facie, there are grounds for assuming that, when 
those impediments which now exist have been overcome, the con- 
templated change will not be attended with pecuniary loss, but that 
on the contrary, it may, and probably will, be accompanied by many 
advantages. Аза step—the first step—towards this it has been neces- 
sary to compare the cost of the possible new agent with that of the 
present. In doing so I have drawn /wo comparisons with the cost 
incurred under the steam locomotive. One with the average yearly 
cost for a period of 24 years; the other with that for 1899. It is 
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evident that in criticising my deductions the fact that my comparison - 


was not confined to the cost for the “average” period has been 
overlooked. Those deductions show the assumed cost of electricity at 
7021; steam, for the average of 24 years, at 8'943, and for 1899, at 
10218 pence. Now assuming, for the purpose of argument, that the 
formula which has been so much discussed, but which has at last been 
practically confirmed, is not sufficiently high so far as it applies to goods 
and mineral trains, it can but affect the electrical charges to a very 
slight extent; it cannot, for instance, double them. But suppose the 
generating charges are doubled, there will still, in comparison with the 
"average ” yearly cost of steam, remain a balance in favour of electricity ; 
and of practically a penny-halfpenny per mile (or some £271,583), on 
the 1899 comparison, i.e., without deductions for contingencies! Ааа 
to this, as has more than once been commented upon by those who 
have participated іп the discussion, the fact that the efficiencies upon 
which the output of electrical power is based are low; that all trains 
have been regarded as loaded trains; that more than the hourly 
average number of trains are embraced by my calculations ; that the 
cost of repairs and renewals, as set forth by me, are deemed excessive ; 
and add to this many other obvious savings such as the painting of 
stations, the redecoration of coaches, the saving in the abolishment of 
isolated plants, and I doubt if there will be many who will condemn 
me for having overstated the case for electricity. 

The position I have assumed for electricity is necessarily somewhat 
hypothetical. Тһе question is, Is it reasonably fair? It has been 
pointed out that the electrical service has been framed to meet only 
the average hourly train service as ascertained by Tables II. and IHI., 
and that occasions must arise when this will be exceeded. This will 
undoubtedly be so, but my reason for selecting the section of line 
indicated was that it was а busy line—a section of line that might be 


' Since the reading of this paper I have obtained froin the stations named 
a return of the greatest number of trains passing those points on any one day. 
Here are the figures :— 
Luton, January 25th ... sis ... 297 = 1274 per hour. 
Harpenden, August 4th T ... 331-138 per hour, 
The basis taken in the paper was 14 per hour. 
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truly regarded as a full line, and that it might, consequently, be looked 
upon as worked up to its full capacity. Obviously, however, if there 
were more trains—provided electricity is, per train-mile, less costly than 
steam—the greater the number of trains and consequently the greater 
the mileage, the greater would be the saving. It might, and probably 
would, mean an increased capital outlay—an increase in interest charge 
and repair—to be met by the additional saving on the additional mileage 
run. 

One or two members have, in their observations, expressed some 
difficulty in following me in regard to the number of trains per hour 
which I have accepted. My calculations are based upon the kilowatt- 
hour for the power to be generated; upon the power shown to be 
required for dealing with one hour's traffic; and, for the purpose of 
comparing electric with the steam charges, with the train-mileage ac- 
complished іп the hour. Тһе number of trains passing any one point 
on the length under observation in the twenty-four hours may surely be 
taken as the number for theday. I have taken two points. The number 
of trains was 287 in one, 297 in the other. The greater of these divided 
by 24 will give an average of 12°38 per hour. I have taken 14 trains, 
which 14 trains, as I show, should travel 479 miles in the hour. I am 
afraid I cannot put it clearer. I did try to collect and tabulate the 
times of trains passing several points, but it became too complicated to 
be dealt with in such a paper. Perhaps it would render my reasoning 
clearer if my critics in this instance would assume either of the returns 
as applicable to one end of the section—say Bedford. Thus for the 
twenty-four hours there would be 297 trains іп all arriving or departing, 
and th of this number would be the average hourly number of trains 
for the period. | 

It has been stated that the mere cost of shunting-work would more 
than absorb the £50,000 set apart for contingencies. Surely those who 
advance these arguments lose sight of the fact that much of the cost for 
shunting lies in the time the engine is doing no work. Should it ever 
transpire that the work of shunting-yards can be worked electrically, а 
great saving in this respect should attend it. 

It is primarily to main-line working that I have addressed myself. 
Several speakers have intimated that electrical traction will first be 
employed on the branch lines. There are, no doubt, branch lines the 
locality of which would largely benefit by more frequent train facilities; 
but we have to bear in mind that the majority of branch lines have been 
established to secure connection with the main line, and, consequently, 
that the traffic thereon must be largely dependent upon the main-line 
service. If electricity can be employed for branch lines, why not for 
main lines? Presumably the only reason is the large power demand 
required for the latter. The electrical system employed must be identi- 
cal—that which serves the one must also serve the other. Branch lines 
will be most economically served as a part of a main-line installation; 
that is manifest. "Those difficulties that attend main-line working will 
also, although in a less degree, attach to branch-line working, and as 
it is in the operation of the former that the greatest advantages and 
economies will arise, it is towards its accomplishment that efforts should 
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he directed. Apparently what is required is a safe means of conveying 
the current to the trains, and an electric motor that shall perform the 
functions now dispensed by the steam locomotive. The crux of the 
whole question would seem to reside in the mode to be adopted for 
the distribution of the current. Any difficulty which will attend the 
determination of the site of the conductor rail, or the means for collect- 
ing the current, is not likely to prove so serious as that which will 
accompany the provision against vicious interference with the former 
for the purpose of disorganising the traffic. The subject is one which 
we may be sure will claim the attention of inventors. Legislation may 
aid, but all the powers of the law will not prove so efficacious as a 
means by which it shall not be possible, or, at least, by which it shall 
be so difficult to tamper with it as to render it not worth the risk. То 
protect the rail from accidental interference presents no difficulty. 
That may not only be done, but in the doing of it insulation may be 
aded. It is the malevolent action of the miscreant, and of the 
mischievous, which has to be guarded against. 

Mr. Alexander Siemens, in directing attention to the title of the 
paper, has asked how the trains hauled by the steam locomotive are to 
be dealt with at that point from which the traffic has to be conducted 
by the electric locomotive. 

My paper aims at the supersession of the steam locomotive—at its 
replacement by the electric locomotive. Мо railway company would 
break up their time bill, or dislocate their service in the direction of Mr. 
Siemens’ question for the purpose of introducing electricity. Тһе 
electric locomotive, to compete with the steam locomotive, must be 
able to couple on to a train and haul it away precisely as is now done 
by the steam locomotive. Section by section of a railway system might 
then become converted to the application of electrical agency without 
undue sacrifice of material, and with absolutely no inconvenience to the 
traffic. 

It has been said that economy will not prove the means by which 
railway companies will be induced to seek the aid of electricity ; that 
opposition—the establishment of competing lines—will prove the 
powerful factor. Whether it is opposition or not, economy must be 
the agent which will chiefly operate. Competition, as perhaps may 
be the case between Manchester and Liverpool ere long, means loss 
of traffic, and loss of traffic, loss of revenue, and few commercial 
institutions сап prove indifferent to that. Electricity will no doubt 
effect many changes other than those it is apparently destined to 
effect in relation to our large railway systems. 

Very heartily do I tender most grateful thanks to all those who have 
taken part in the discussion, or otherwise contributed towards the 
elucidation of the question dealt with by me. Although I think I 
may fairly claim to have substantiated the ground assumed in the 
paper, I welcome such criticism as has been of an adverse character. 
I feel that it 15 well that every possible view should be advanced in 
order that those who may desire to study the question may lose sight 
of no point which may be material to a fair issue. 
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The Three Hundred and Fifty-Fourth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil. Engineers, 25, Great George Street, West- 
minster, on Thursday evening, December 13th, 1900, 
Professor JoHN PERRY, F.R.S., President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
December 6th were read and confirmed. 


The names of new candidates for election into the 
Institution. were announced, and it was ordered that they 
should be suspended. 


The following transfers were announced as having been 
approved by the Council, viz. :— 


From the class of Associates to that of Members— 
Harold William Couzens. 


From the class of Members, Northern Society of Elec- 
trical Engineers, to that of Members, Institution of Electrical 
Engineers— 

Llewellyn Andrew. 


A donation to the Benevolent Fund was announced as 
having been received since the last meeting from Мг. 
Augustus Stroh, to whom a vote of thanks was unanimously 
accorded. 


ON RAPID VARIATIONS IN THE CURRENT 
THROUGH THE DIRECT-CURRENT ARC. 


By W. DUDDELL, Wh. Sc., Associate. 


It may be thought by some that the title of this paper 
із rather contradictory in that there should not be any 
variation іп the current through a direct-current arc. I 
will therefore explain at once that [ simply use the term 
“direct current” as implying that the current is supplied by 
cells or by a direct-current dynamo, and not as implying 
that the current is necessarily constant in value. Ц may 
also be as well to state that by Arc I do not mean Arc Lamp, 
as all the effects to be described are quite apart from those 
produced by regulating mechanisms. 


1990. | CURRENT THROUGH DIRECT-CURRENT АКС. 233 


Тһе effect of varying the current through the direct- 
current arc very slowly, so slowly in fact that the carbons 
have time to burn into shape corresponding to each value 
of the current, has been investigated by many experi- 
menters, but it is to Mrs. Ayrton? that the honour belongs 
of giving a complete inyestigation of all that occurs when 
any of the variables in the direct-current arc are changed in 
any way. The other extreme, namely, very sudden changes 
in the current, has also been investigated by Mrs. Аугіоп,2 
thus leaving a gap in the experimental evidence as to what 
occurs between very slow variations and isolated sudden 
changes in the current. 

The present paper is an attempt partly to fill this gap by 
giving an account of what occurs when the current is 
periodically varied more or less rapidly over a range which 
is very small compared with the mean value of the direct 
current. 

The current through a direct-current arc supplied with 
power from any circuit may vary either owing to changes 
taking place in the circuit, such as variations in Е.М.Е. 
or resistance, or owing to effects. in the arc itself, such 
as hissing, humming. Although any variation in the 
current naturally entails a corresponding change in the 
arc itself, it will, I think, be found convenient to classify 
the observed effects according to whether the primary cause 


of the variation is in the arc or in the circuit which sup- 
plies it. 


PART I. 


CAUSE OF THE VARIATION OF THE CURRENT IN THE 
CIRCUIT SUPPLYING THE АКС. 


The effects of varying the current may be divided under 
four heads, viz., the effect on the P.D. between the terminals 
of the arc, on the light emitted, on the shape of the craters, 
and on the vapour column. These will be considered in 
order. I shall assume in all cases in Part I. that the ampli- 
tude of variation of the current from the mean is small, 
generally much less than то per cent., and that the arc 
experimented on is neither hissing nor humming. 


* The Electrician, vols. xxxiv., xxxv., and xxxvi. 
* The Electrician, 1895, vol. xxxiv., pp. 471, 541. 


234 DUDDELL: RAPID VARIATIONS IN [ Dec. 18th, 


EFFECT ON THE POTENTIAL DIFFERENCE PRODUCED BY 
VARIATIONS OF THE CURRENT. 


If the current varies very slowly, then the relation 
between the Р.О. current and length is that given by Mrs. 
Ayrton's curves. Directly the rate of variation is increased 
so that the carbons have not time to burn into shape, corre- 
sponding with the instantaneous values of the current, the 
relation will be changed, and it is conceivable that if the 
rate of variation were high enough and the amplitude small 
enough, the conditions of the arc would in no way be 
changed, so that the ratio of the change in P.D. to the 
corresponding change in current, would be a constant and 
equal to the true resistance of the arc. I shall show later 
that this assumption, which is the basis of several experi- 
ments on the resistance of the arc, notably those by Messrs. 
Frith and Rodgers,! requires a much higher rate of variation 
of current than they employed. 

One of Mrs. Ayrton's curves, contained in a letter by 
Prof. Ayrton to The Electrician,? illustrates very well how 
the connection between the P.D. and current depends on 
the rate of variation of the latter. This curve shows that 
the first effect of suddenly increasing the current through a 
cored-solid arc 3 is to cause a transient rise in the Р.Р. 
between the terminals; the effect of a slow increase oy 
current being, as is well known, to produce a decrease in the 
Р.О. This first transient rise in the Р.О. which was obtained 
with a cored-solid arc, was also, I believe, obtained with a 
cored arc, but I am unaware of its having been observed for 
a solid arc. 

Thinking that this might be due, as pointed out by 
Prof. Ayrton, to the extreme quickness of the phenomenon 
when both carbons were solid, I tried to record the transient 
rise in P.D. for the solid arc by means of an oscillograph, 
the sudden increase of the current being obtained by dis- 
charging a condenser through the arc. This experiment 
was successful, and a transient rise in P.D. was observed, 
tke Р.О. and current increasing together, but only for about 


* Proceedings of the Physical Society, 1896, vol. xiv., р. 307. 

2 The Electrician, 1896, vol. xxxvii., p. 321. 

з “ Solid,” “ solid-cored " and “cored ” arc mean, respectively, arc between 
two solid carbons, between one solid and cored, and between two cored car- 
bons ; the top or + electrode being always placed first. 
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зуу Second. At the end of this very short time the Р.О. 
decreased with ап increase of current in the ordinary 
way. 

If it can be assumed that during this first „о second the 
conditions of the arc are not changed, then the solid arc has 
а positive resistance, contrary to the results obtained by 
Messrs. Frith and Rodgers, and it isat any rate evident that, 
had the frequency of their superimposed alternating current 
been 5,000 (AJ per sec. instead of 250 (\Ј per sec., the sign 
of the resistance as obtained by them would have changed, 
though I do not say that even at that frequency its true 
vaue would have been obtained. In any method for 
measuring the resistance of the solid arc which depends on 
the change in the P.D. produced by a change of current, these 
changes must, therefore, take place in less than ; обо sec. in 
order not to allow the arc conditions to change ; results to 
be described later indicate a still shorter time. 

I will not, however, pursue this subject any further, as it 
would unduly extend the length of this paper to include a 
description of a complete series of experiments on the resis- 
tance of the arc which I have recently completed. 


EFFECT ON THE LiGHT EMITTED PRODUCED BY VARIA- 
TIONS OF THE CURRENT. 


It is well known that the light of the arc varies when the 
current is changed, though how small and rapid the varia- 
tion in current may be and yet produce a perceptible 
change in the light does not seem to have been investigated. 
Professor Fleming and Mr. Petavel* and Mr. Burnie? have 
determined the instantaneous values of the light and current 
in the case of alternate-current arcs, and have found that 
the variation in light roughly follows the variation of the 
current ; the maximum luminous intensity occurring 
about yolog sec. later than the maximum current. Herr 
Gorges 3 has also noticed that the variations in the current 
due to the teeth on the armature of a dynamo produced 
an appreciable variation in the light at the rate of 300 per 
second. 

* Proceedings of the Physical Society, 1896, vol. Xiv., p. 115. 


з The Electrician, 1897, vol. xxxix., р. 849. 
з Electrotechnische Zeitschrift, 1895, vol. xvi., p. 548. 


VOL, XXX. 16 


236 DUDDELL: RAPID VARIATIONS IN (бес. 13th, 


In order to test how rapid and how small a variation of 
the current from the mean could be detected in the light of 
the direct-current arc, I arranged an arc so that its image 
as seen through a central slit parallel to the carbons was 
projected on to a rapidly falling photographic plate, the 
instantaneous value of the current being recorded simul- 
taneously on the same plate by means of an oscillograph. 
The small quick variations of the current through the arc 
were produced by passing the oscillatory discharge of a con- 
denser in series with a self-induction through it, so that the 
arc current consisted of a large constant part on which was 
superimposed а small ripple which died away after a few 
oscillations. 

By this method I -find that in an 8-ampere solid arc 
a distinct variation is produced in the light emitted by both 
the + crater and the vapour column when the amplitude of 
the variation of the current from the mean is ouly 3 per cent. 
and the frequency of these superimposed variations is as large 
as 4,300 (NJ per sec. At this frequency the variation in 
light became indistinguishable when the amplitude of the 
variation of the direct current was reduced to 2 per cent. 

Owing to the difficulty in estimating the points of 
maximum density in the band on the plate which repre- 
sents the light emitted іп consequence of the smallness of 
the variation of the current and therefore of the light, I 
was unable to be certain whether the maximum light lags 
behind the maximum current; ibut if it does, the lag 15 
very slight, not exceeding 7949, sec. for ап 8-ampere solid 
arc. 

It must be remembered that the above variations of light 
are those of the actinic rays which affect the photographic 
plate ; the visual rays will probably vary in a similar manner, 
though possibly not to the same extent. 


EFFECT ON THE CRATERS PRODUCED BY VARIATIONS OF 
THE CURRENT. 


Mrs. Ayrton tells me that she noticed that the variations 
in the current used by Messrs. Frith and Rodgers, who 
superimposed an alternating current of о5 to го ampere 
R.M.S. value, at frequency of тоо (NJ рег sec. on a 10- 
ampere direct-current arc, so altered the shape of the ends 
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of the carbons that she could easily distinguish them from 
normal carbons formed without any variation in the current. 
I find that if the superimposed alternating current be reduced 
to от ampere under the same conditions, the ends of the 
carbons appear unaffected. 


EFFECT ON THE VAPOUR COLUMN PRODUCED BY VARIA- 
TIONS OF THE CURRENT. 


` SOUNDS. 


Corresponding with each value of the current through 
the arc there is probably a definite cross-section of the 
vapour column, so that if the current varies rapidly 
through an arc of fixed length, the volume of the vapour 
will also vary and sound-waves will be given out. This, I 
believe, is the generally accepted explanation of the hum- 
ming of the alternate-current arc. 

In the case of the direct-current arc, sounds are also 
emitted even when the variations іп the current are very 
slight. For example, the variation of current caused by the 
commutator segments of a direct-current dynamo passing 
under the brushes can be heard in the arc. This variation 
of the current caused by the commutator segments, even 
when in good condition, was found by Messrs. Frith and 
Rodgers тіп the case of a 5 Елу. two-pole machine to vary 
between 2.5 and 9 per cent. of the mean current according 
to the position of the brushes. 

Another striking example of how sensitive the arc is to 
small variations in the current is furnished by the fact that a 
Wehnelt interrupter, working ап induction coil on the 
direct-current street mains, will cause any arc supplied by 
the same mains to give out the same noise as the interrupter 
itself, even when a considerable distance intervenes between 
the place where the arc is connected with the mains, and 
where the interrupter and coil are joined on, as observed by 
Herr Simon,? Mrs. Ayrton, and Mr. Jervis Smith.3 

It must be clearly understood that the arcs here referred 
to are normal silent arcs ; that is, if they were supplied with 


! Proceedings of the Physical Society, 1896, vol. xiv., p. 307. 
: Annalen der Physik und der Chemie, 1898, vol. Ixiv., р. 233. 
3 The Electrician, 1899, vol. xliv., p. 16. 
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a really steady current they would have been practically 
silent. 

In order to determine what variation in the current was 
necessary to cause the arc to emit a clearly audible note, the 
current from a high-frequency alternator, kindly lent by Sir 
D. Salomons, was superimposed on the direct current by the 
method shown in Fig. 1, The current from the alternator 
passes through a condenser F, a dynamometer D, and the 
arc in series ; and it is practically prevented from flowing 
through the cells which supply the arc by the self-induction 
L. The direct current is prevented from flowing through 
the alternator by the condenser F. 


R L 


ПП 


FiG. 1. 


It was found by this means that а ro-ampere direct 
current, solid or cored arc, length 3 to 5 mm., would 
produce a distinct note even if as small a R.M.S. current 
as тихо ampere, as measured by D, was superimposed on 
the direct current for frequencies of the added current from 
a few hundred up to 8,000 fU per second. Thus a varia- 
tion of the order of т part in 10,000 from the mean current 
will alter the vapour column sufficiently to produce sound- 
Waves. 

Further experiments with another alternator and К.М.5. 
superimposed currents of 5, to +; ampere оп а то-атреге 
solid arc, proved that the sounds only became inaudible at 
frequencies approaching 30,000 (XJ per second. 


* Absolute silence is almost impossible, as the least want of homogencity, 
ог impurity in the electrodes, causes small spits and sounds. 
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At these frequencies І am uncertain whether the arc had 
really ceased to give a note, as the ear fails to detect sounds 
of so high a pitch. 

This sensibility of the arc for very small changes in its 
current explains the fact that not only can rapid variations 
of current in any circuit supplied from the same generator 
as the arc be heard in the arc, but also variations of current 
which occur in a totally independent circuit supplied by a 
separate generator can be detected in the arc due to mutual 
induction between the two circuits. j 


ARC AS A TELEPHONE RECEIVER. 


The fact that the arc is sensitive to such small variations 


FIG. 2. 


in the current and over such a wide range of frequency, at 
once suggests that the direct-current arc might be used as a 
telephone receiver. This suggestion, which was made in a 
leader of The Electrician іп 1890, had already been carried 
out by H. Simon! in 1898. 

The method used by Н. Simon for superimposing а 
microphone current on the main arc current is shown in 
Fig. 2, in which A and B are two coils having mutual induc- 
tion, and M the microphone. The current through А varies 
when M is spoken into and induces E.M.F.'s in B, which 
vary the current through the arc in such a way that it 
reproduces sounds and even speech distinctly. 

* Annalen der Physik und der Chemie, 1898, vol. Ixiv., p. 233. 
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The variation of the current through the arc obtained by 
this method is not as large as it might be, as the E.M.F.'s 
induced in B have to send currents round the whole arc 
circuit, including any steadying resistances, and also through 
the self-induction in the armature, if a dynamo is used, 
instead of only through the arc where the varying currents 
are actually required. I have obtained a better result by 
replacing the alternator of Fig. т with a microphone and 
mutual induction as shown in Fig. 3. А and B are the 
two coils of a mutual induction, Ға condenser of about two 
or three microfarads, and L a high self-induction, the object 
of the self-induction being to prevent the microphone 
currents flowing round the cells instead of through the 
arc. 

With this arrangement and suitable arc conditions, to be 
explained later, Ме arc will speak sufficiently loudly and 
clearly to be heard at а distance of то to 12 feel in a quiet 
room. [Experiment.]: The sound-waves given out by the arc 
are, therefore, of such an intensity that when the energy is 
spread over a spherical surface of 20 feet diameter, the ear 
placed at any point can hear speech distinctly. It seems 
probable that if all the energy available could be collected 
and concentrated on the саг, very powerful sound-sensations 
might be produced. 

The loudness of the sounds given out by the arc 15 
increased. by lengthening the arc, as this increases the 
volume of the vapour column which emits the sounds. 
It would also seem as if increasing the main current 
which increases the cross-section of the arc should also 
be beneficial, but experimentally I have not found 


* NOTE (added February 15, 1901).—As I have had several inquiries from 
experimenters wishing to repeat this experiment, I append some data of the 
apparatus actually used at the meeting. 

The microphone M was supplied by the National Telephone Company and 
intended for long-distance transmission, two accumulators being used in series 
with it. The mutual induction A:B consisted of a solenoid 30 cms. long 
wound with about 1,200 turns of No. 18 D.S.C. wire in six sections having an 
iron wire core about I5 mm. diameter. Diameter of solenoid over winding 
= 54mm. For the experiments 3 sections = 600 turns were used for A, and 
two seclions = 400 turns for B. 

Resistance of A = 1°52, of B = r33 ohms. Mutual induction 253 x 1073 
henrys, Cored carbons were used in the arc, the other data being those given 
above. 

If a suitable mutual induction A: В is not available a self-induction may Һе 
used, by connecting the leads from the microphone and cells to the terminals 
of B instead of those of A, B being now simply a coil having high selí-induc- 
tion and low resistance. 
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The variation of the current through the arc obtained by 
this method is not as large as it might be, as the E.M.F.s 
induced in B have to send currents round the whole arc 
circuit, including any steadying resistances, and also through 
the self-induction in the armature, if а dynamo is used, 
instead of only through the arc where the varying currents 
are actually required. I have obtained a better result by 
replacing the alternator of Fig. т with a microphone and 
mutual induction as shown in Fig. 3. А and B are the 
two coils of a mutual induction, F a condenser of about two 
or three microfarads, and L a high self-induction, the object 
of the self-induction being to prevent the microphone 
currents flowing round the cells instead of through the 
arc. 

With this arrangement and suitable arc conditions, to be 
explained later, the arc will speak sufficiently loudly and 
clearly to be heard at a distance of 10 to 12 feet in a quiet 
тоот. [Experiment.]! The sound-waves given out by the arc 
are, therefore, of such an intensity that when the energy is 
spread over a spherical surface of 20 feet diameter, the ear 
placed at any point can hear speech distinctly. It seems 
probable that if all the energy available could be collected 
and concentrated on the ear, very powerful sound-sensations 
might be produced. 

The loudness of the sounds given out by the arc 15 
increased by lengthening the arc, as this increases the 
volume of the vapour column which emits the sounds. 
It would also seem as if increasing the main current 
which increases the cross-section of the arc should also 
be beneficial, but experimentally I have not found 


* NOTE (added February 1st, 1901),—As І have had several inquiries from 
experimenters wishing to repeat this experiment, I append some data of the 
apparatus actually used at the meeting. 

The microphone М was supplied by the National Telephone Company and 
intended for long-distance transmission, two accumulators being used in series 
with it. The mutual induction A:B consisted of a solenoid 30 cms. long 
wound with about 1,200 turns of No. 18 D.S.C. wire in six sections having an 
iron wire core about 15 mm. diameter. Diameter of solenoid over winding 
= 54 mm. For the experiments 3 sections = 600 turns were used for А, and 
two sections = 400 turns for В. 

Resistance of A = 1°52, of В = 1°53 ohms. Mutual induction 253 X 10-2 
henrys. Cored carbons were used іп the arc, the other data being those given 
above. 

If a suitable mutual induction A: В is not available a self-induction may бе 
used, by connecting the leads from the microphone and cells to the terminals 
of B instead of those of A, B being now simply a coil having high self-induc- 
tion and low resistance. 
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апу appreciable gain. Тһе best results have generally 
been obtained with a current of то to 12 amperes, 
carbons 11 to 13 mm. and an arc length of 20 to 
30 mm. 

To obtain these long lengths with ease, it is necessary to 
use cored carbons or some other means of introducing 
foreign bodies, such as salts of potassium and sodium, into 
the arc, for Шеге is not much doubt that the stability of the 
arc between ordinary cored carbons is due to the presence 
of potassium silicate in the соге. (See also Appendix I.) 
These salts may be introduced either by soaking the carbons 
in their solutions, or by using them as cores. Mr. Jervis 


FIG. 3. 


Smith has recommended the insulator glass as a core, which 
I find works well, 


ARC AS A TELEPHONE TRANSMITTER. 


Before leaving the subject of the use of the arc as a 
telephone, it will be convenient to consider its use as a 
telephone transmitter, though this subject strictly belongs to 
Part Il. of this paper. А 

‚ H. Simon found that if he replaced his microphone in 
Fig. 2 by a telephone receiver, any sounds made near the 
arc were heard in the receiver. In this case, as before, I find 


* See Du уі ctrical 
Engineers, vi апа Marchant, Proceedings of the Institution of Electri: 


ris, 1900 : XXViii., p, 66; Blondel, Znu£ernational Congress of Electricity, 
) . 


242 DUDDELL: RAPID VARIATIONS IN [ Dec. 13th, 


it preferable to modify his method by connecting the 
receiver in series with a condenser between the terminals of 
the arc, as in Fig. 4. 

A sound-wave striking the arc may affect it in two ways, 
either by vibrating the arc as a whole and varying its length, | 
or the waves of condensation and rarefaction may alter the 
cross-section of the arc: both of these effects will tend to 
alter the apparent resistance of the arc, and hence vary the 
current through it. 

The sounds obtained in the telephone receiver when 
using the direct-current arc as a transmitter are not generally 
very satisfactory, as, besides not being very loud, they are 
obscured by the extraneous sounds due to the small spits 
and hisses which occur in the arc each time the air gets to 


T 


Arc. 


ПО е 


| 


hac. 4. 


the + crater due to any slight defect in the carbons. На 
common pair of carbons be used containing cracks and 
impurities, the noise in the receiver is sometimes unbearable, 
although there is no outside source of disturbance of the 
current through the circuit. 

In all experiments on the arc as a telephone transmitter 
or receiver, it is essential that the current generator should 
be free from rapid variations, or extraneous sounds will be 
produced. If а dynamo has to be used, then the variations 
of the current produced by the commutator segments may 
be minimised by inserting a large self-induction in series 
with the arc, as in Figs. т, 3, and д. This self-induction 
serves the double purpose of keeping extraneous variations 
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of the current out of. the arc, and of preventing the varia- 
tions we desire to observe from being dissipated in the 
source of supply. 

Thus we see that the direct-current arc is not only extremely 
sensitive to small variations in its current of almost any fre- 
quency, but also that it is affected by such small changes of 
outside conditions as sound-waves produce. Whether this 
sensibility can be turned to useful account in telegraphy or 
telephony remains for future experiment to decide. 


PART II. 
CURRENT CAUSED TO VARY BY THE ARC. 
HUMMING. 


Mr. Trotter! discovered that the direct-current humming 
arc rotates, including a coma-like appearance at the + 
crater, and he also found that the current through the arc 
varied periodically, the frequency of these variations being 
the same as the pitch of the humming sound produced, and 
as the speed of rotation of the arc. 

In order further to investigate the connection between 
the variation of the light P.D. and the current, I have 
recorded the P.D. and current by means of an oscillograph, 
the humming arc experimented on being used as the source 
of light to illuminate the oscillograph mirrors. The arc was 
so inclined that only the light from the + crater and a small 
part of the vapour column reached the mirrors. So that the 
density at any point of the lines represents the photographic 
intensity of the light emitted at that instant in the direction 
of the mirrors by the + crater and part of the vapour 
column, and the distance of the point from this zero line 
measures the P.D. or the current as the case may be.? 

A typical example of the variations observed in the hum- 
ming arc is given in Fig. 5, from which it will be seen that 
the P.D. current and light emitted in a fixed direction vary 
ш а regular periodic manner with the same frequency. 

The variation of the current, which is about 6 per cent. 

+ The Electrician, 1894, vol. xxxiii., p. 298. 


? [n Figs. 5, 6, and 7, the centre line is not the zero line, but represents 
20 ampercs and 40 volts. 
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of the current out of. the arc, and of preventing the varia- 
tions we desire to observe from being dissipated in the 
source of supply. 

Thus we see that the direct-current arc is not only extremely 
sensitive to small variations in ifs current of almost any fre- 
quency, but also that it is affected by such small changes of 
outside conditions as sound-waves produce. Whether this 
sensibility can be turned to useful account in telegraphy or 
telephony remains for future experiment to decide. 


PART II. 
CURRENT CAUSED TO VARY BY THE ARC. 
HUMMING. 


Mr. Trotter? discovered that the direct-current humming 
arc rotates, including a coma-like appearance at the + 
crater, and he also found that the current through the arc 
varied periodically, the frequency of these variations being 
the same as the pitch of the humming sound produced, and 
as the speed of rotation of the arc. 
In order further to investigate the connection between 
the variation of the light P.D. and the current, I have 
recorded the P.D. and current by means of an oscillograph, 
the humming arc experimented on being used as the source 
of light to illuminate the oscillograph mirrors. The arc was 
so inclined that only the light from the + crater and a small 
part of the vapour column reached the mirrors. So that the 
density at any point of the lines represents the photographic 
intensity of the light emitted at that instant in the direction 
of the mirrors by the + crater and part of the vapour 
column, and the distance of the point from this zero line 
measures the P.D. or the current as the case may be.? 

A typical example of the variations observed in the hum- 
ming arc is given in Fig. 5, from which it will be seen that 
the P.D. current and light emitted in a fixed direction vary 
ina regular periodic manner with the same frequency. 

The variation of the current, which is about 6 per cent. 

| The Electrician, 1894, vol. xxxiii., p. 298. 
? In Figs. 5, 6, and 7, the centre line is not the zero line, but represents 
20 amperes and 40 volts. 


am 


244 DUDDELL: RAPID VARIATIONS IN [ Dec. 13th, 


from the mean, is not sufficient to account for the large 
variation in the light emitted in the direction of the mirrors. 
This periodic variation of the light is most probably due to 
the fact that the arc rotates so that the + crater alternately 
either supplies light to the oscillograph mirrors, or is pre- 
vented from doing so by being on the other side of the 4 
carbon. Тһе periodic time of the variations of the light 
will, of course, be unaffected by a change in the position 
from which the arc is observed, but the times at which the 
light maxima occur relatively to the times at which the 
current is а maximum will depend on this position. 

Thus besides the rotation of the humming arc and the 
variation of the current observed by Mr. Trotter, I find that the 
light and P.D. vary with the same frequency, so that in the 
humming arc the frequencies of the rotation of the arc, aud of 
the variations in the Р.О. current, and light emitted in a given 
direction, are identical with the pitch of the note given out. 


HISSING. 


It has been shown by Messrs. Frith and Rodgers! and 
by Messrs. Duddell and Marchant,? that when a direct- 
current arc supplied from a constant source hisses, the 
current through it and the P.D. between its terminals vary 
rapidly; and M. Blondel3 and Мг. Brown4 have also found 
that the light emitted varies. 

If the current through the humming arc be increased 
until the arc hisses, the variations in P.D., current, and light 
change, I find, in a most striking manner from the regular 
periodic variations of Fig. 5 to the very irregular variations 
shown іп Figs. 6 and 7. 

In spite of the very irregular nature of the variations, 
which irregularity is not surprising in view of Mrs. Ayrton’s 
explanation of the cause of hissing given before this Insti- 
tution last year, I think that they can be separated into two 
kinds, a large comparatively slow variation, and a rapid 
superimposed one. The light given out is alternately 
bright, with rapid variations in intensity, a to b Fig. 6, 
and dull with hardly any variations, b to c; the slow varia- 

* Proceedings of the Physical Society, 1896, vol. xiv., р. 320. 
2 Journal of the Institution of Electrical Engineers, 1899, vol, xxviii., p. 86. 


3 La Lumicre Electrique, 1892, vol. xliii. p. 54. 
4 Physical Review, 1898, vol. vii., p 210. 
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tion of the light corresponding with the larger variation of 
the current : the maximum light and current do not, how- 
ever, occur simultaneously. 

In view of the explanation given in the case of the hum- 
ming arc that the large variations of the light is due to its 
rotation, and in view of the fact thatthe hissing arc is also 
probably rotating, as pointed out by Mrs. Ayrton, I think 
that the larger variations of P.D., current, and light in the 
hissing arc must also be due to the rotation of the arc. И 
this is the case, then the brighter parts of the curves are 
produced by light from the + crater and the rapid varia- 
tions of density chiefly present in these parts of the lines are 
due to the rapid variation of this light from the + crater. 
[Experiment.] 

Now these rapid variations in the light correspond with 
the small rapid changes in the current and the P.D., so that 
the rapid variations of Р.О. and current correspond with the 
variations of the light emitted by the + crater, and the large 
slow variations with the rotation of the arc as a whole. 

Considering one of the larger light maxima, say from а 
to b, or с to d, Fig. 6, during which the oscillograph 
mirrors receive the light from the + crater without being 
obstructed by the carbon, it will be seen that in many cases 
the maximum light and minimum P.D. occur practically at 
the same instant, whilst the maximum current occurs later 
than the light maximum, This is the opposite to what 
occurs when the current through the arc is varied by any 
change in the circuit, for in this latter case the maximum 
current occurs before the light maximum. - 

| The periodically recurring sequence of events іп the 
hissing arc is thus probably as follows, putting aside the 
rotation of the arc as a whole. Owing to the crater 
becoming too large for the end of the + carbon, the air 
obtains access to the crater surface as found by Mrs. 
Ayrton, the oxygen of the air there combines with the 
carbon, causing a rise of temperature, an increase of 
brilliancy, a drop in the P.D., followed very slightly later 
by a rise in the current, 

І think that the above observations on hissing and 
humming are explained by, and confirm, the fundamental 
nature of Mrs. Ayrton's discovery of the cause of the 
hissing of the arc. 


P d 
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from the mean, is not sufficient to account for the large 
variation in the light emitted in the direction of the mirrors. 
This periodic variation of the light is most probably due to 
the fact that the arc rotates so that the -- crater alternately 
either supplies light to the oscillograph mirrors, or 1$ pre- 
vented from doing so by being on the other side of the + 
carbon. Тһе periodic time of the variations of the light 
will, of course, be unaffected by a change in the position 
from which the arc is observed, but the times at which the 
light maxima occur relatively to the times at which the 
current is a maximum will depend on this position. 

Thus besides the rotation of the humming arc and the 
variation of the current observed by Mr. Trotter, I find that the 
light and P.D. vary with the same frequency, so that in the 
humming arc the frequencies of the rotation of the arc, and of 
the variations in the Р.Р. current, and light emitted in a given 
direction, are identical with the pitch of the note given out. 


HISSING. 


It has been shown by Messrs, Frith and Rodgers! and 
by Messrs. Duddell and Marchant,? that when а direct- 
current arc supplied from a constant source hisses, the 
current through it and the P.D. between its terminals vary 
rapidly; and М. Blondel3 and Mr. Brown4 have also found 
that the light emitted varies. 

If the current through the humming arc be increased 
until the arc hisses, the variations in P.D., current, and light 
change, I find, in a most striking manner from the regular 
periodic variations of Fig. 5 to the very irregular variations 
shown in Figs. 6 and 7. 

In spite of the very irregular nature of the variations, 
which irregularity is not surprising in view of Mrs. Ayrton’s 
explanation of the cause of hissing given before this Insti- 
tution last year, I think that they can be separated into two 
kinds, a large comparatively slow variation, and a rapid 
superimposed one. The light given out is alternately 
bright, with rapid variations in intensity, a to b Fig. 6, 
and dull with hardly any variations, b to c; the slow varia- 

t Proceedings of the Physical Society, 1896, vol. xiv., р. 320. 

? Journal of the Institution of Electrical Engineers, 1890, vol, xxviii., p. 86. 


3 La Lumicre Electrique, 1892, vol. xliii. p. 54. 
4 Physical Review, 1898, vol. vii., p 210. 
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tion of the light corresponding with the larger variation of 
the current : the maximum light and current do not, how- 
ever, occur simultaneously. 

In view of the explanation given in the case of the hum- 
ming arc that the large variations of the light is due to its 
rotation, and in view of the fact thatthe hissing arc is also 
pobably rotating, as pointed out by Mrs. Ayrton, I think 
that the larger variations of P.D., current, and light in the 
hissing arc must also be due to the rotation of the arc. If 
this is the case, then the brighter parts of the curves are 
produced by light from the + crater and the rapid varia- 
tions of density chiefly present in these parts of the lines are 
dueto the rapid variation of this light from the + crater. 
[Experiment.] 

Now these rapid variations in the light correspond with 
the small rapid changes in the current and the P.D., so that 
the rapid variations of Р.О. and current correspond with the 
variations of the light emitted by the + crater, and the large 
Slow variations with the rotation of the arc as a whole. 

Considering one of the larger light maxima, say from a 
to b, or c to d, Fig. 6, during which the oscillograph 
mirrors receive the light from the + crater without being 
obstructed by the carbon, it will be seen that in many cases 
the maximum light and minimum P.D. occur practically at 
the same instant, whilst the maximum current occurs later 
than the light maximum. This is the opposite to what 
occurs when the current through the arc is varied by any 
change in the circuit, for in this latter case fhe maximum 
current occurs before the light maximum. . 
| The periodically recurring sequence of events in the 
hissing arc is thus probably as follows, putting aside the 
rotation of the arc as a whole. Owing to the crater 
becoming too large for the end of the + carbon, the air 
obtains access to the crater surface as found by Mrs. 
Ayrton, the oxygen of the air there combines with the 
Carbon, causing a rise of temperature, an increase of 
brilliancy, a drop in the P.D., followed very slightly later 
by a rise in the current. 

I think that the above observations on hissing and 
humming are explained by, and confirm, the fundamental 
nature of Mrs. Ayrton’s discovery of the cause of the 
hissing of the arc. 
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SOUNDS EMITTED BY VERY SHORT ARCS. 


A very short hissing arc, so short that practically no 
light can get out from between the carbons, sometimes 
produces a shrill whistling sound, accompanied by a small 
tongue of green flame. The variation of P.D. and current 
for such an arc are given in Fig. 8, in which the 
current and P.D. have varied between two limits, viz., 22°5 
amperes at 24 volts and 28 amperes at 9:5 volts, the former 
of which would produce a hissing arc, while the later values 
of the current and P.D. can only be explained on the 
assumption that the arc is short-circuited by а Бай contact, 
such as a loose piece of carbon. The whistling sound is 


probably due to the periodical short-circuiting and relighting 
of the arc. 


SOUNDS EMITTED BY VERY LONG ARCS. 


The frying sounds emitted by very long arcs, noticed by 
Mrs. Ayrton,! are probably due to the fact that long arcs are 
very sensitive as telephone receivers, as mentioned in 
Part I., so that very slight variations in the current will 
cause them to give out sounds. In confirmation of this it 
may be mentioned that a very long silent arc can be obtained 
if the arc is supplied with current from accumulators which 
are not in use for any other purpose, and if the arc circuit 
be so arranged that по variations of the current can be 
induced, or produced, in it by causes outside the arc. 

If, on the other hand, the direct-current arc be supplied 
by a dynamo, or if the arc circuit be placed so that there is 
mutual induction between it and leads carrying a dynamo 
current, then the long arc will give out a sound corre- 
sponding with rate at which the dynamo segments pass the 
brushes. This explanation was, I believe, first suggested by 
Professor Ayrton and Mr. Mather. 


INTERMITTENT ARCS. 


If a direct- or alternate-current arc be blown out by 
means of a jet of air or СО», ог by means of a transverse 
magnetic field, it will, under suitable conditions, relight 


1 The Electrician, vol. xxxiv., p. 338. 
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itself; and if the blowing be continued, the arc will be 
extinguished and relight itself again and again with great 
rapidity, giving out a harsh sound. Тһе rapidity of these 
intermittances may be very great; M. Blondel? has found 
them to be as high as 3,000 to 4,000 per second in the case 
of the alternate-current arc, and M. Abraham ? has obtained 
100,000 per second in the case of the flame discharge. 

It was suggested by Professor Fitzgerald that this inter- 
mittance of the arc might be used to produce some high- 
frequency alternating current which I required. I therefore 
tried rendering a direct-current carbon arc in series, with 
a self-induction intermittent by means of a magnet. With 
this arrangement the rate of intermittance was irregular and 
not very high, probably owing to the E.M.F. of my source 
of supply being too low, although E.M.F.'s up to 300 volts 
were employed. 

In order to try and overcome this irregularity, I con- 
nected a condenser (about 5 mf.) between the terminals of 
the arc, when to my surprise I found that the direct-current 
arc was intermittent even when ло? blown in any apparent 
way either by a stream of gas or by a magnetic field, and 
further that no self-induction in series with the arc was 
necessary. 

Here then was a puzzle—a direct-current solid arc burn- 
ing under ordinary conditions with resistance іп series, and 
supplied with current from accumulators, became inter- 
mittent and gave out a musical note on simply shunting 
the arc with a condenser. 

Leads were, of course, employed to connect the con- 
denser as a shunt to the arc, and on twisting these leads 
together so as to destroy the small amount of self-induction 
which they possessed, I found that the musical note stopped, 
to be started again on separating the leads ; and on inter- 
posing in the condenser circuit a loose coil of wire, the 
sound was greatly magnified. Hence the true statement of 
the facts is that given below.3 

! La Lumiere Électrique, 1803, vol. xliii., p. 54. 

з Société Française de Physique, “ Séances," 1899, ii. p. 70. 

3 NoTE (added February ist, 1901).—Since writing the above Professor 
Elihu Thomson has written to me and to The Electrician pointing out that he 
carried out practically identical experiments as early as 1892, and patented 
this method for producing Alternating Currents. Iregret that I was unaware 
of these experiments at the time of writing the paper, and so omitted to give 
Professor Thomson credit for them. Professor Thomson's letter, an editorial 


note on his patent specification, and a reply from me, appear in The Blectrician 
for January 18th, 1901, vol. xlvi., p. 477. 
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MUSICAL ARC. 


A direct-current arc of suitable length and current, 
between solid carbons, will give out а musical note if it be 
shunted with a condenser in series with a self-induction, as 
in Fig. 9, even though the source of supply of the current 
be perfectly constant and the arc be protected as far as 
possible from any outside cause of disturbance. |Ехрегі- 
ment. | | 

| find that the musical note is produced by oscillatory 
currents flowing in the circuit composed of the condenser 
Е, the self-induction L, and the arc, Fig. 9, and its pitch 
is determined by the periodic time of this circuit—that 


R 


Arc 


FIG. 9. 


is, on the relation between the capacity, self-induction, and 
effective resistance of the circuit. Neglecting the resistance, 
which it will be shown later must be small, the periodic 
time of the circuit r = 2 т y L.F., and this has been found, 
by judging the pitch of the note by ear, tó be approximately 
correct, so that for lecture purposes Kelvin's law can by this 
means be easily demonstrated. (See Appendix III.) 

It must be remembered that although we have an alter- 
nate current through the condenser and self-induction, the 
source of supply is not an alternating one, and that if is the arc 
itself which is acting as а converter and transforming a part 
of the direct current into alternating, the frequency of which 
can be varied between very wide limits by altering the self- 
induction and capacity. The upper limit I find to be about 
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10,000 (AJ рег second, and the lower limit, if such exists, is 
well below 500 AY per second. 

It has long been known that a train of oscillations of 
almost any frequency can be obtained on discharging a 
condenser through a suitable inductive resistance, but of 
course these oscillations have a rapidly decreasing ampli- 
tude; and the means of supplying energy to such a circuit 
50 as to maintain the amplitude of the swings constant, other 
than by means of a varying source of power having the 
same periodic time as the circuit, has been wanting. И is, 
therefore, necessary to inquire under what conditions it is 
possible for the arc to cause the source of direct current to 
supply the energy necessary to maintain the oscillations in 
the condenser circuit when once they have been started. 

lf the resistance in the main circuit in series with the 
arc is large, and if 8 V be a small instantaneous change 
in the P.D. between the terminals of the arc, 8 A the corre- 
sponding small change in the current through it, and r the 
resistance of the condenser circuit, not including the con- 
denser ; then, during the time this small change lasts, 
sufficient energy may be supplied to the condenser circuit 
to make up for the energy dissipated there, in ohmic losses, 


| va following conditions are fulfilled (see Appendix 


ò V 
I. ХА, negative. 
9 V x е 
2. $ ay numerically greater than г. 


| : question is, can the arc fulfil these two conditions ? 
Messts. Frith and Rodgers ! have experimentally determined 


; ò V 
the value of ўд» Which they call the resistance of the arc, 


for various arcs, and they found that while M was always 


i С" | carbons were cored, it was, on the contrary; 

small a. wen both carbons were solid 2 and that it was Ы 

Tesistance ae for a 4-ampere solid arc. Now the 

епзег, can е: ы condenser circuit, ғ, external to the con- 

arc can f 16 easily be made less than 2 ohms, so that the 
ШШ both the necessary conditions. 


i ees 
Proceedings of the Physical Seciety, 1896, vol. xiv., р. 307. 
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I will now describe some observations on the musical 
arc which tend to confirm the above conclusions. 

Arcs between solid carbons for which ~ is always 

negative work well, while those between cored carbons for 
which E is positive I find will not work under any 
conditions. [Experiment.] 
ò V 
8A 
and Rodgers is 2 ohms for a 4-ampere solid arc, and it is 
probable that it did not exceed 2:5 ohms. for the smaller 
currents, viz., 3 to 3'5 amperes, which I used. According to 
the above conditions, 2:5 ohms should be the limiting 
resistance of the condenser circuit; by experiment it was 
found that when the resistance of this circuit was increased 
to 24 ohms the oscillations stopped and could not be 
restarted. [Experiment. ] 

It is evident that besides the resistance there are other 
causes, such as hysteresis, which tend to dissipate the energy 
in the condenser circuit and stop the arc giving its note. 
The hysteresis in an iron-wire core introduced into the self- 
induction will instantly stop the note. [Experiment.] Any 
complete circuit such as a ring of wire placed near the self- 
induction has the same effect. [Experiment. | 

On several occasions before the importance of these 
causes of the dissipation of the energy were realised, con- 
siderable trouble was experienced in tracing the reason of 
the arc failing to give its note. As examples, in one case 
it was traced to an ammeter and in another to the tinfoil 
in the condenser which were acting as short-circuited 
secondaries to the self-induction coil, which had been 
placed too near them. [Experiment. ] 

The relation between the self-induction, capacity, and 
frequency can be very easily demonstrated by playing a tune 
on the arc by varying either the capacity or the self-induction 
by means of a Кеу-Боага. [Experiment.] (See Appendix 
III. Another method of varying the self-induction is by 
separating or bringing closer together the turns of the coil, 
as if playing on a concertina, the relative positions of the 
turns determining the self-induction and the pitch of the 
note. The musical arc can be used as a means of com- 


The largest negative value of given by Messrs. Frith 
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paring self-inductions or capacities by comparing the pitch 
of the notes produced. 

The “enclosed arc" will work equally as well as the 
open arc, though the note given out is not so audible owing 
to the globe; but it can easily be made so by taking advan- 
tage of some of the telephoning effects mentioned in Part I. 

The alternating current through the condenser circuit 
may be as large as from 3 to 5 amperes R.M.S. value, and 
the direct current in the main circuit also varies considerably 
depending on the amount of resistance in the circuit. This 
condenser current is sufficient to show experiments with 
alternating currents which do not require much. power, and 
Is very convenient in many cases for lecture purposes as the 
frequency, and any changes in it, are at once evident from 
the pitch of the note given out by the arc. Magnetic space 
telegraphy can easily be demonstrated on а small scale by 
using the self-induction coil as the transmitting circuit. 
[Experiment.] Several arcs сап be used in series when 
more power is required in the condenser circuit {һап can 
be obtained from one arc alone. 


, 


TABLE ОЕ DATA OF MUSICAL ARCS. 


Open Arc. | Enclosed Arc. 
Carbons both solid. Conradly. | Electra. 
Diameter T t кө 9 mm., I5 mm. 
Arc Length  ... — ... | 5mm. | го mm. 
» Current... — ... | 3'5 amps. | 5 amps. 
| 
Resistance in Series К. ... | 42 ohms. 'about 28 ohms. 


Self Induction of L. ... ss | 53 Io**h. 53 X 1073 h. 
| 


Resistance of L. and Leads... | 641 ohms. o'41 ohms. 


| | 
Capacity of Condenser Е. ... | rı to 54 mf. | rı to 54 mf. 
R.M.S. Current through Con- 


denser when Capacity — 5:4 
mf. ... en p. Pes 3 amps. ' 4'5 amps. 


For the convenience of those who may wish to repeat 


these experiments, I have inserted a table of good working 
VOL. XXX. 17 
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conditions for open and enclosedarcs. The exact figures need 
not be strictly adhered to, as the musical arc will work over 
a wide range of conditions. It may perhaps be well to 
mention that only condensers suitable for high voltages 
should be used, as although the Р.Р. arc is only 50 volts, the 
P.D. condenser rises to several hundred volts. 


METAL ELECTRODES SWITCH CONTACTS. 


In connection with the above experiments the attempt 
was made to replace the carbons by metal electrodes, when I 
found that on trying to shunt the metal arc with a condenser 
it went out, no self-induction except that of the leads being 
used. [Experiment.] Of course, whether the arc is extin- 
guished or not depends on the capacity used to shunt it and 
on the other conditions of the circuit ; thus in the present 
case, with a 3-ampere arc between 6 mm. diameter copper 
electrodes and a resistance in series of from 5o to 60 ohms, 
supply voltage 200, it was found that the arc was always 
extinguished when shunted with a condenser having a 
capacity from 0:6 to 5'4 mf., though with the smaller con- 
denser, 0°6 mf., and longer arc lengths the extinguishing was 
not quite so certain. Condensers larger than 5:4 mf. were 
not tried, though I have no doubt that they would prove 
even more ettective. 

This experiment is very instructive as showing how very 
soon the metal arc becomes practically non-conducting after 
the current through it is interrupted, for if we consider that 
the current through the arc is reduced to zero at the instant 
of first connecting the condenser, and remains zero unless 
the arc relights, then the time required for the об mf. con- 


denser to charge up to (1 — Ji or 63 per cent. of the supply 


voltage, i.e., 126 volts, is about „до of a second. So that 
we may consider that if the current through the metal arc is 
interrupted. for about one twenty-seven thousandth of a 
second, even applying about three to four times the normal 
voltage,t will not cause it to relight. This is very different 
from the case of the arc between cored carbons, for it is well 
known that the current through a 10-ampere cored arc may 


* Direct-current metal arcs as above usually require a Р.О. roughly about 
30 volts. 
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be interrupted by opening a switch in series with it for, say, 
a quarter-second, and yet the arc will relight on closing the 
switch again, owing to the high conductivity of the vapour 
left, when the arc is extinguished. The comparison is, how- 
ever, not quite a fair one, as it might be expected that with 
the larger current, viz., то amperes used with the cored arc, 
more conducting vapour would exist than with the 3 
amperes used for the metal arc, and that it would therefore 
take longer for the vapour column of a то-атреге arc to 
cool down and attain a high resistance than that of a 
3-ampere arc. 

In order to make a fair comparison, the metal electrodes 
were replaced by cored carbons and a 3-ampere arc obtained 
under as nearly as possible the same conditions as the copper 
arc. This cored carbon arc could not be extinguished even 
on shunting it with the largest condenser, viz. 5'4 mf. 
[Experiment], and it was found necessary, in order to make 
the cored arc go out on shunting, to reduce the current 
through it to below 1 ampere ; but with such a small current 
the arc 16 rather unstable and liable to go out even when not 
disturbed in any way. Two solid carbons were also tried, 
and the effects were found to be intermediate between the 
cored arc and the metal arc, as a 2-ampere solid arc could 
just be put out by shunting with the 5:4 mf. condenser, 
whereas the 3-ampere metal arc always went out on being 
shunted with a condenser of as small a capacity as 0°6 mf., 
as already stated. | 

The correct method of finding out whether the arc will 
relight in any given case after it has been extinguished on 
suddenly reducing the current through it, is the following :— 
Let A, Fig. 1o, be a curve which might be drawn between 
the P.D. which will have to be set up between the electrodes 
to relight the arc, and the time that has elapsed since the arc 
was extinguished ; and B the curve that connects the actual 
rise in Р.О. between the electrodes (i.e., between the con- 
denser terminals) and the same time. Then the condition 
for the arc to relight is that the curve B touches or cuts the 
curve А. 

Unfortunately we do not know much about the curve A 
between P.D. required to relight the arc and time except 
that it starts from the P.D. at which the arc was burning at 
the instant it was extinguished, and attains a final constant 
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value equal to the P.D. required to spark across between the 
electrodes. We can, however, form some idea of the steep- 
ness of the curve А at the commencement, for we know that, 
if the arc fails to relight, the curve A lies between the 
ordinate at the time of connecting the condenser and the 
curve B, that is the ordinate at time nought. The shape of 
this latter curve, which represents the P.D. between the 
terminals of the condenser during charge, can be calculated 
from the known data of the circuit ; thus with the copper 
arc mentioned above, which is just extinguished by shunting 
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‚ with a condenser of o'6 mf. capacity, E.M.F. in circuit being 
200 volts, resistance 56 ohms, and self-induction of leads 
neglected, the curve B will start with an initial steepness of 
about 6 x тоб volts per second. 
rise of curve B, it will generally fail to intersect the curve À 
for the 3-ampere copper arc, so that the apparent resistance 
of the copper arc seems to increase at a very high rate alter 


the current through it 1s stopped. 


In spite of this very rapid 


1900. } CURRENT THROUGH DIRECT-CURRENT ARC. 255 


With cored carbon electrodes the arc under similar 
conditions could not be extinguished by shunting with 5:4 
mf., so that since the initial steepness of the curve В was 
ith, or about 7 x 105 volts per second, this curve always 
intersected the curve A for cored carbons. Further, I think 
that the curves would still intersect, that is the cored arc 
would relight, if the initial steepness of B had been even 
many times smaller, so that the rate of increase of apparent 
resistance of the cored arc after interruption of the current 
15 many times smaller than with the copper arc. In what 
has been said above, I have neglected the unknown self- 


№ 


4. 


a| ¢Metal Arc 


Mma 
5 


Ё = 200 volts. L =з henrys tabout) 
ÑR «60 ohms about). fF «5-4 microfarad. 
Current = amps. 
Fic. ТІ. 


induction of the leads, so that the figures given must be 
considered as only rough approximations. 

The extreme rapidity with which it is necessary to 
increase the P.D. between the terminals of the metal arc in 
order that it may relight again after the current through it 
has been stopped, explains the fact that it seems impossible 
to maintain an alternate current arc between metal electrodes 
at ordinary frequencies апа P.D.s of even several hundred 
volts ; and that it requires a P.D as high as 2,000 volts to 
maintain a metal arc as found by Herr Arons.! 

If the non-inductive resistance in series with the arc be 
replaced by a highly inductive one as shown in Fig. 11, the 

* Wiedemann's Annalen, vol. lvii., р. 185. 
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curve B will be altered in shape, and with the conditions 
inserted under Fig. тт the charge of the condenser will be 
oscillatory as shown by В” Fig. шо, the maximum Р.О. 
attained if the arc fails to relight at all being many times as 
high as the E.M.F. of the source of supply. Although the 
arc is put out on shunting with a condenser, it does not 
follow that it may not have really relit and gone out again 
several times corresponding with each swing of the con- 
denser, before it is finally left extinguished owing to the 
dying away of the oscillations ; and this is probably what 
occurs when the curve А 15 not very steep, as in the case of 
cored carbons. In this case the maximum rise in Р.О. will 
be limited by the shape of the curve А and by the amplitude 
of the oscillations being rapidly damped, due to conduction 
through the arc. 

This high rise in P.D.—caused by the sudden annulling 
of the current through the self-induction when the metal arc 
is extinguished on shunting it with а condenser—is very 
serious, as the following experiment shows. A 3-ampere arc 
between two copper electrodes 6 mm. diameter, the condi- 
tions of the circuit being those given under Fig. r1, was 
shunted with a condenser 5:4 mf. capacity. This caused the 
arc to go out and so high a rise т Р.О. to be produced that 
the insulation of the leads broke down, a spark passing from 
а to b, accompanied by a report. [Experiment.| When, 
however, I substituted carbons for the copper electrodes, no 
report was heard, nor was any serious rise іп Р.О. noticed. 
[ Experiment. ] 

The next experiment tried was to connect the condenser 
permanently as a shunt to the metal electrodes, and then to 
attempt to strike the arc, the circuit being arranged as in 
Fig. 11. I found that it was impossible to strike an arc 
between metal (Cu, Fe, Al, and Brass) electrodes if the 
capacity of the condenser F, Fig. 11, exceeded o'1 mf.— 
even although an E.M.F. of 200 volts was used—and that 
on separating the electrodes the sudden interruption of the 
current through the self-induction set up oscillations in the 
circuit and a high rise in P.D. between the terminals of the 
condenser similar to that produced when the metal arc was 
exünguished by shunting with a condenser as explained 
above. The condition that determines the possibility of 
striking the arc is similar to the condition that governs the 
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relighting of Фе arc after the current through it has been 
reduced to zero as explained above. For corresponding with 
each position of the electrodes as they separate there is a 
certain P.D. required to start the arc, and if the relation 
between the position of the electrodes and time be known, 
then a curve between P.D. required to start the arc and time 
can be plotted similar to curve A, Fig. 10 above, and the 
intersection or otherwise of this curve with the curve В’ 
determines whether the arc will strike or not. 

The practical interest in this subject of the striking of 
the arc lies in the fact that when the attempt is made to 
interrupt a steady direct current flowing through an inductive 
circuit by means of a switch with metal contacts, an attempt 
is really made, at the first instant, to strike a metal arc 
between the contacts, and if these contacts be shunted by a 
condenser which prevents the arc from forming, a high rise 
in Р.О. will occur. If, however, the arc was allowed to form, 
the time during which the break takes place would be 
lengthened, and no such great rise of P.D. would be pro- 
duced. This rise іп Р.О. has been mathematically investi- 
gated by Mr. Johnson ! on the assumption that the arc does 
not form, and putting the data given under Fig. 11 into his 
equation, I find that the rise in P.D. is just over 2,000 volts 
as compared with 200 volts the E. M.F. in the circuit. [t is, 
therefore, of importance when it is required to prevent these 
rises іп Р.О., оп breaking the circuit to so choose the 
substance of the switch contacts that the arc shall not be 
prevented from forming or be suddenly extinguished by the 
action of the condenser, that is to say that arcing at the 
switch contacts should rather be encouraged than otherwise, ot 
course always supposing that no special method such as a 
non-inductive resistance shunting the switch be provided to 
dissipate the energy stored in the self-induction. 

The following experiments illustrate the importance of 
the nature of the switch contacts and of the condenser 
which shunts them. The circuit used was that shown in 
Fig. 11, the arc being replaced by a switch with brass con- 
tacts, and the data of the circuit being those given below 
the figure. When the condenser F was disconnected, and 
the insulation between a and b was made to consist of a 
single thickness of paper, I found that the circuit might be 


| The Electrician, 1900, vol, xlv., р. 281. 
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made and broken by means of the switch, either. quickly or 
slowly, without the paper between a and b being pierced. 
[Experiment.] After reconnecting the condenser F, how- 
ever, every time the switch was opened the paper was 
pierced, and even three thicknesses of the paper could not 
withstand the rise in Р.О. that occurred. [Experiment.] 
The steady Р.О. required to pierce one thickness of the 
paper was found by a separate experiment to be about 550 
volts, and that required to pierce three thicknesses about 
1,500 volts, so that without the condenser shunting the 
switch the rise in P.D. on breaking the inductive circuit was 
under 500 volts, but with the condenser as a shunt to the 
switch was over 1,500 volts, showing that the metal arc must 
have been almost completely suppressed, as the maximum 
value of the P.D. calculated above on the assumption of no 
arc forming at all was only just over 2,000 volts. 

The influence of the nature of the contacts of the 
switch on the rise in Р.О. which occurs when the switch 15 
shunted by a condenser is very marked; thus with the 
metals, copper and brass, serious rises in P.D. were always 
found to occur, with solid carbons as contacts the rise was 
much less, and with cored carbon contacts was м 
Experiment. ] 

Breaking the circuit between metal contacts under tap- 
water, or shunting the metal contacts while in air by wires 
dipping into water, also prevented any serious rise in Р.О. 

It was also found that resistance or self-induction intro- 
duced into the connections between the condenser апа the 
contacts greatly reduced the rise in Р.О. on opening the 
switch. 

I attempted to use an electrostatic voltmeter to measure 
the rise in P.D. instead of the rough method of the piercing 
of paper, but although the voltmeter was sufficiently sensi- 
tive to read steady P.D.s much below that required to 
pierce {һе paper, it failed to indicate the rises in Р.О. 
This is probably due to the short time the rise in P.D. 
lasts. 

There are two practical cases in which capacity shunts 
the switch contacts to which I will refer. 

The first is the ordinary induction coil in which the 
circuit is the same as Fig. тт, the switch being replaced РУ 
the contact maker. In this case a high rise in Р.О. 
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required so that the nature of the contact points should be 
such that the arc can be completely extinguished bv as small 
а condenser as possible ; for the rise in P.D., if the arc 15 
completely extinguished, will be the higher the smaller the 
capacity of the condenser. (See also Appendix IV.) It is 
evident, therefore, that carbon would be very unsuitable 
for the contacts of an induction coil. This has lately been 
shown to be the case by the experiments of Mr. Beattie," 
who finds that with a slow break the maximum length of 
spark obtainable between the terminals of the secondary, 
using platinum contacts, is nearly 23 times that obtainable 
when carbon contacts are used, the current interrupted at 
the break being the same in both cases. I think that if 
cored carbons had been used, a much greater disparity in 
the spark length would have been found. [Experiment. | 

The second case is that of a switch or circuit breaker 
connected with a concentric cable so that the capacity 
shunting the contacts is supplied by the distributed capacity 
of the cable. Whether this distributed capacity іп practical 
cases will have the same effect as a condenser shunting the 
contacts, as suggested by Mr. Johnson, 15, I think, a matter 
for further experiment. If it has, then serious rises in P.D. 
are to be apprehended on interrupting a direct. current, 
though an inductive circuit, by means of metal contacts, 
the capacity of the cable forming a shunt to the contacts. 

Assuming this to be true for direct currents, may not 
some of the breakdowns of concentric cables supplying 
power by means of alternating current be also due to the 
sudden quenching of the arc at metal contacts, and not to 
the fact that the current is an alternating one? 1 suppose, 
of course, that the attempt to interrupt the current is made 
at some point in the period when the current is large. 

Before concluding this paper, I wish to express my 
indebtedness to Professor Ayrton and Mr. Mather, of the 
Central Technical College, not only for allowing me to 
carry out the experiments in the laboratories of the College, 
but also for the valuable assistance and advice they have 
given me during the course of the experiments. I also 
wish to express my thanks to the many students who have 
helped me from time to time, and especially to Messrs. 
Brown, Watson, and Fithian, 

* Phil. Mag., горо, vol. L, р. 146. 
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CONCLUSIONS. 


If the current be suddenly increased through a direct- 
current arc between two solid carbons, the P.D. and current 
increase together for less than about 4455 second, and at 
the end of this very short time the P.D. decreases with an 
increase of current in the ordinary way. 

If the current through a direct-current arc varies by as 
little as 3 per cent. from the mean, and if the frequency of 
these superimposed variations is even аз high as 4,300 N 
per second, a variation in the light emitted by both the 
+ crater and the vapour column can be detected. 

A rapid periodic variation of the order of one part in 10,000 
from the mean current will alter the vapour column of the 
arc sufficiently to produce sound-waves ; and a variation of 
one part in 100 will produce sound-waves even at frequencies 
as high as 30,000 (^J per second. 

The arc is affected by such small changes of outside 
conditions as sound-waves produce. 

The direct-current arc can be used both as a telephone 
receiver and transmitter. 

In.the direct-current humming arc the P.D. current and 
light emitted vary periodically, the frequency of these varia- 
tions being the same as that of the rotation of the arc as a 
whole, and of the pitch of the sound emitted. 

In the direct-current hissing arc the P.D. current and 
light emitted vary very irregularly, the larger and slower 
variations corresponding with a rotation of the arc as a 
whole and the smaller and more rapid to the hissing proper, 
i.e., the oxygen of the air obtaining access to the crater 
surface as demonstrated by Mrs. Ayrton. 

Under certain conditions the direct-current solid arc 
will emit a musical note when shunted by a self-induction in 
series with a condenser. j 

When emitting the musical note, the direct-current arc 
transforms direct-current energy into alternate-current 
energy, the frequency of the latter being determined by the 
self-induction, capacity, and effective resistance of the 
oscillating circuit. The pitch of the nóte emitted may be 
used as a means of comparing self-inductions and capacities. 

If a direct-current arc be shunted with a condenser of 
several microfarads capacity, the arc will generally be ex- 
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tinguished if the electrodes are of metal, and not if they are 


of cored carbon, the resistance in series with the arc being 
non-inductive, 


If the resistance in series with the arc be highly induc- 
tve, then, when the metal arc is extinguished by shunting 


it with a condenser, a violent rise in P.D. occurs between 
the terminals of the arc. 


The rise іп Р.О. that occurs when an inductive circuit is 
broken by means of a switch, the contacts of which are 
shunted by a Condenser, is much higher if their contacts are 
of metal than if they are of cored carbons, owing to the 
condenser extinguishing the metal arc formed at the con- 


tacts more suddenly than the arc formed when carbon con- 
tacts are separated 


APPENDIX I. 


ON THE RESISTANCE OF THE CORES OF CORED CARBONS. 
one remember having seen it pointed out that the much greater 
stability of arcs between cored carbons than of those between solid 
See "21 not be very well due to the high conductivity of the 
P “ore, while in place in the carbon, for the cores have 
generale higher Specific resistance than the solid carbon which 
ш че ^ 45 the following experiment shows :— 

Dies "rbons Were taken—two cored and one solid—of the same 
5. diameter п mm.) апа a current of 9:9 amperes was passed 
iie 3 | е drop of volts was measured along а length of 20 
"Each S А Mer they had attained a steady temperature. - 
through it so .. , C€ carbons then had a hole 3°16 mm. diameter с | 
and the centr S to Completely remove the cores of the cored сот 
as before, T 9t the soliq carbon, and the drop of volts was 22. 

rs th С Fesults are given in the table below, from WE 1 i 
2 il drilling а hole in the solid carbon increased its resistance 
а | Whereas drilling the same sized hole (which о e 
same Make on] amount of the solid carbon) in a cored carbon of the 

Allowin ПУ increased its resistance by 211 per cent. —— 
removed alo or the fact that a small quantity. of solid car И po 
of one make "B With the core in drilling, the specific resistance of the E 
: ., - 9 Cored carbon, was about sixteen limes that of the surroun 
тя Solid carb ) 


: оп, and і 'cific resistance of the core was 
Practically infinite 4 in the other the specifi 
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“ Apostle cur ‘Brush " 
Cored. Cored. 


" Apostle” 


Make of Carbons Solid. 


ы о БЕ у S 


mm. + nnm. nium. 
Mean diameter s b - Tm m 1097 1095 E ' 
Mean diameter of core... Js Y 55; — 2:84 2-82 | 
Drop of volts along 20 cms. before drilling m 171 | 174 1:52 | 
Drop of volts along 20 ems. after drilling 298 гк 177) 150 ' 
Per cent. increase of resistance due to drilling.. | 793 21 a | 
Ratio Specific resistance of core В dem- M36 


Specific resistance of surrounding solid carbon | | | 


APPENDIX II. 


ON THE CONDITIONS WHICH GOVERN THE CONVERSION OF DIRECT 
CURRENT INTO ALTERNATING CURRENT IN THE MUSICAL ARC. 


(See Fig. о.) 

Let Е and С be the Е.М.Е. and current through the cells, when there 
is no oscillatory current through the condenser circuit. 

Let У and A be the Р.О. and current through the arc under the same 
conditions. 

Let R be the resistance in series with the arc, including that of the 
cells. 

Let r be the resistance of the condenser circuit. 

Let êV be a small change in the Р.О. are which produces а current e 
through the condenser circuit for a time êl, апа let êV апа conse- 
quently ê be assumed to change sign at Фе end of cach interval * 
of time ef. 

Let (А and êC be the corresponding changes in A and С; Е being 
assumed constant. 


The cnergy supplied to the condenser circuit— 
during onc interval 61 = (V + êV) (+ en él 
» next » eb=(V—eV) (— ĉi èl 
Total during опе complete period 2 6/-- 2 дт òV èl 
Energy dissipated in ohmic losses during 2 òl = r(éiy 2 él 


In order that, during each complete period 2 é/, energy may be 
supplied to the condenser circuit, we must have 
04 ôV positive. 
And in order that this supply shall make up for the ohmic losses we 
must have 
6 ФУ > r(ò i)? 
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Now 
6С = (А + й 
апа pub 
К 
"eS... 
Са. 65. 
| R 
Em ò V — NS ( I "py y 
and ĉi = бА = Rt Hu 
M cA 5 
им (teg) (=) 
и RT av) \' 
.7. fora supply of energy to condenser circuit a must be negative 


апа numerically less than В. 


, 


Supposing йе negative, then in practice the second condition 15 


always fulfilled, or a +R would be negative and the whole circuit 
unstable, 


Next the condition that sufficient energy be supplied to make up for 
the ohmic losses gives - 
ôi oV zr)? 
and as 6j ôV is positive, 


-7. to obtain best supply of energy to condenser circuit we require 
Very large and ғ very small. 
S a I .. дА TP 
Suppose р may be neglected, compared with 35v then condition 
б 
becomes 


r Es "Eg | 
Fhus it is possible if "pu negative and numerically greater than ғ, 


for the condenser circuit to receive sufficient energy during each very 
‘Mall complete oscillation to compensate for the energy dissipated in 
Ohmic losses during the oscillation. For larger oscillations, similar but 
More complicated expressions will probably be required. 


APPENDIX III 


O Ҹ % 
N THE RELATION BETWEEN THE PITCH OF THE NOTE AND THE 
Capacity AND SELF-INDUCTION SHUNTING THE MUSICAL ARC 


ы In Order to demonstrate that the pitch of the note emitted by the 
tusical arc is determined by the capacity and self-induction of the 
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circuit E it, and is given by the formula frequency of note 
emitted = ~- = — --, when the resistance of the circuit is negligible, 
2T 2 LF 

a series of capacities was calculated by means of this formula, to give 
one octave of the diatonic scale, on the assumption of a constant self- 
induction L. А fairly close approximation to this series of capacities 
was obtained by combining in parallel condensers chosen from a set 
of eight Swinburne condensers, the capacities of which are given below. 
A keyboard was constructed which made the necessary connections. 
The condensers used in parallel and their actual capacities are tabulated 
against the notes on the keyboard they were respectively intended to 
produce. This arrangement of condensers and keyboard, arrived at 
entirely by calculation, was that used to play tunes on at the meeting. 

The self-induction L consisted of a coil of about 4o Ibs. of No. 10 
D.C.C. copper wire coiled into a coil of about 18 inches diameter, 
having a resistance of about о'44 ohm and а self-induction of 1475 
henrys. 

The frequency of each of the notes emitted by the arc was deter- 
mined for me-by Мг. G. Wall and Mr. L. Murphy by comparing, by 
means of a monochord, cach note with a standard tuning-fork giving 
512 complete vibrations per second. Тһе frequencies so determined 
are tabulated below along with the frequencies calculated by means of 
the formula from the known self-induction and the capacity in each 
case. The agreement between the two demonstrates, I think, fairly 
conclusively that the pitch of the note is determined by the periodic 
time of the circuit shunting the arc. It will be noticed that the 
calculated frequency is in most cases about 1 per cent. higher than the 
observed ; this is probably due to the fact that in calculating the {re- 
quencics no account has been taken of the resistance of the circuit in 
which the oscillating currents are flowing, as this resistance should 
include that of the arc. This is borne out by the fact that the note 
depends to a slight extent on the length of the arc and on the current 
through it. Another possible cause of the difference may be that the 
capacities of the condensers used may not be quite the same at these 
high frequencies, 550 to 1,100 (J per second, as at 100 гү) ре 
second, the frequency at which they were determined. 


List OF SWINBURNE CONDENSERS. 


Called. | Capacity in Mfs. | Called. | Capacity іп МА. 


a 2:515 с 0307 
b 1142 f O'II9 
с 1:146 g 0130 


а 0:612 h 0°057 
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DATA OF CONDENSERS FOR MUSICAL ARC. 


Frequency С\ per Second. 


ама | Cimen Usedin | Corgi = cum 
Calculated. Observed. 
C a, b, c, d, 5 5545 558 545 
| D а, b, d, 5 4399 624 618 
E av d, с, f 355. 695 688 
i a, d 312; 740 735 
G b,c, g,h 2:475 832 822 
A b, d, f, g 2:00, 926 915 
В b,e, g 1:57, 1042 1045 
С ЖАС: 1:39: IIIO IIOI 


| as increase the alternating current in the condenser circuit and the 
oudness of the notes emitted, it is necessary to increase the number of 


FIG. 12. 


i ne used in series. With the ordinary 200-volt supply only three 
owing s can be run in series, and even this number gives trouble 
difficult O want of sufficient stability. Іп order to overcome this 
of which I employed the arrangement shown in Fig. 12, by means 
Series ar all the advantages in stability of having only two arcs in 
is conte к Secured at the same time that, as far as the condenser circuit 
in the о че have four arcs іп series and the consequent increase 
used at th r nating current and the loudness of the notes emitted. As 

е meeting the data were as follows : Pressure of supply 200- 
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volts current through each arc 5 amperes. Carbons + 11 and —9 mm. 
solid “ Apostle.” Are length about т mm. F condenser and keyboard 
described above. L selt-induction described above, with an extra 
point brought out so as to reduce its value to } and give a second 
Octave. 


APPENDIX ІХ. 
(Communicated February 22, 1901.) 


During the experiments on the shunting of a metal arc with a 
condenser, I noticed that the rise in P.D. which occurs between the 
terminals of the arc when the circuit is inductive always seemed to be 
greater when the condenser was applied as a shunt to an arc after 
striking the same than when the clectrodes were first shunted with 
a condenser and afterwards the attempt was made to strike the arc. 
Prof. Fitzgerald suggested to me, quite independent of the above 
observation, that in the case of an ordinary induction coil an increase 
of spark length might be obtained if instead of connecting the 
condenser, as is usual, permanently as a shunt to the contact points 
the condenser was disconnected during the time the contact points 
separate to a small distance, and was then connected as a shunt to 
them so as to suddenly extinguish the small arc or spark that had 
formed between them. 

In order to carry out this suggestion a contact maker driven by 
a motor was constructed by means of which the condenser could be 
connected as a shunt to the contacts, which acted as the interruptet 
for the primary current of the induction coil either before their 
separation (ordinary method) or at any desired time interval after the 
separation of the contacts and the formation of the arc between them 
(new method). 

With this apparatus, using a six-inch spark “ Apps" induction сой 
the primary current being supplied by three accumulators and regulated 
by means of a carbon resistance, and using the condenser belonging io 
the coil, I found that if the primary current was adjusted to give the 
maximum length of secondary spark, first with the condenser applied 
before the separation of the contacts, second with the condenser 
applied a certain time after their separation, then the spark length in 
the latter case (new method) was from two-and-a-half to three times 
as great as in the former or ordinary way. Again, if, when the spark 
length was adjusted to its maximum value with the new method, the 
condenser was applied in the ordinary way without changing the 

current or the speed of the contact maker, then the secondary spark 
was reduced to about one-sixth or onc-seventh the length, so that the 
new method of applving the condenser to the induction coil gives in 
both cases a considerable increase of spark length over the old. 

An observation was made whilst working with this contact maker on 
the curious way in which a trace of oil on the contacts affects the 
secondary spark length. If, with the condenser connected in the 
ordinary way, the current through the contacts was so smal) Иж 


( 
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practically no arc formed between them, then a trace of paraffin oil on 
the contacts zncreased the secondary spark length. If, on the other 
hand, the current was so large that appreciable arcing was taking place, 
then the oil on the contacts reduced the spark length, apparently duc to 
the oil being decomposed, and introducing carbon vapour into the arc 
between. the contact points, thus reducing the suddenness of the 
interruption of the primary current. 


Пе PRESIDENT: It is quite evident we have not time for much 
discussion, and I am sorry to say the discussion on this paper cannot 
be adjourned. I think, however, we ought to call upon Professor 
Ayrton to say how it bears upon that negative resistance of his which 
was so much maligned some time ago. 

Professor W. E. AYRTON : The paper which we have just heard read 
has given me cxquisite pleasure : not because I have any claim to be its 
author, althougrh I felt as pleased while I heard it read as if I had been 
the writer ; nor is it merely because I feel convinced that these experi- 
ments of to-night will assist in the development of the clectrical industry 
of to-morrow : it is rather because it so rejoices the hearts alike of pro- 
fessional теп--уса, and of professors—to find a student who so 
resembles a solid carbon arc that he is ever on the alert to catch at and 
magnify any hint which may come from Nature or man. From Mr. 

Duddell's Papers of two years ago, and of to-night, we learn much ; 
among other things this second one has taught us how valuable was 
ЕА research made some five years ago by Messrs. Frith and Rodgers. 
7. did that investigation really show us? It brought out an 
(Fig. A) | new fact. Supposing this 15 an alternating-current circuit 
2 COME 16, alternator running at a given frequency and supplied with 
Nod кш current, the alternating current іп the circuit. being 
that this ic У an accurately graduated alternate-current ammeter, and 
by ешт wholly separate circuit—a direct-current circuit supplied 
are Ther, ators—and sending a direct current through a solid carbon 
alternate ees they showed was this, that if you make a break in this 
making Benge and insert the solid carbon arc (Fig. B) without 
alternator У change in the resistance, speed, or excitation of the 
Buen кы you increase the alternate current, not merely the 
direct curr, п flowing in one direction—for the condenser stops any 
the alters. nt—but you increase the current in both directions; that is, 
И -TDate-current. ammeter reads higher after the arc has been 
inserted than it did before И OR PLN 

id before, and higher than it will if the arc be short- 
Ow that investigation was undertaken by these gentle- 
Certain theoretical considerations led me to suggest that 
Measure the that had been employed by various experimenters to 
ог adverse resistance of the arc—a method employed without comment 
applied in т as long as а positive answer was obtained—was 
of the dec n case to an arc a negative answer for the resistance 
period had uld be found : that the method, in fact, which up to that 
which had a сеп used successfully to give the resistance of the arc, and 
Ways given a positive value, I pointed out would give under 
tions, a negative answer. Certain preliminary experiments 
: 18 


circuited, 
теп because 
if the methog 


OL. 


'The 
President. 


Professor 
Ayrton. 


Professor 
Ayrton. 
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having been made by Mr. Mather which confirmed my idea, a long 
investigation was carried out by Messrs. Frith and Rodgers. And they 
found that whenever the arc was formed between solid carbons, the 
ratio of an instantaneous change of P.D. to the corresponding instan- 
taneous change of current was negative, whereas if the carbons were 
both cored it was always positive. 

A howl of indignant criticism followed. Had Messrs. Frith and 
Rodgers and I lived in the Middle Ages we should undoubtedly have 
been burned in the solid carbon arc. But there were three distinguished 
investigators who had the insight, who had the courage, not to be drawn 
into this net of conventional antagonism, and these were Professor 


Cordenser 


|| Solid = 
Al >A Carbon 
Ағс ұғын 


D 


И.С. Аптесег 
FiG. А. 


Condenser. 


Gray, then of Bangor, now Lord Kelvin's successor at Glasgow, Мг. 
Oliver Heaviside, and last but by no means least, the Chairman of 
your Dublin local section, Professor Fitzgerald, to whom we, like so 
many experimenters, are indebted for the many suggestions which he 
has made. And I, even I, ventured to suggest that progress would be 
more expedited, I thought, if the critics, instead of merely cavilling at 
the anatomy of the sugar figure on the cake, would cut it open, and see 
whether there werereally any plums inside. It has remained, however, 
for Mr. Duddell to be the real Jack Horner to put in his thumb and 
pull out the plum, and modestly leave you and me to finish the rhyme 
and add “ what a good boy he is." 
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І do not propose this evening to consider whether or not what 
Messrs. Frith and Rodgers measured was the true resistance of the arc, 
because opportunitv, I hope, we shall soon have of going fully into the 
subject; but in justice to Messrs. Frith and Rodgers, and in virtue of the 
far-reaching principle that they really brought to light, I desire to 
emphasise what they really obtained. Мг. Duddell has taught us what 
was the real significance of their work. Our lost friend Professor 
Hopkinson, following Mr. Wilde, proved several vears ago that two 
alternators could not be run in series. "Thus, for example, if an alter- 
nator with a certain exciting current supplied to it, and driven with a 
steam engine, or an electric motor, or whatever it might be, were 
coupled mechanically to another similar alternator, driven by an inde- 
pendent steam engine, and spced were got up so that the two machines 
were going exactly in step and then were joined in series with some 
outside circuit, he proved to us that the moment this mechanical 
coupling was severed the two alternators would get out of step. So, as 
15 well known, two alternators cannot run in series. And he might 
have added—if there had been the slightest necessity for him to do so— 
that if two alternators cannot continue running in series even if thev 
have been started with the same frequency and exactly in step, still 
more impossible must it be for one alternator, driven by its own steam 
engine, to run in series with another independently driven when the 
frequency of the second is being altered within wide limits. Never- 
theless, gentlemen, that is exactly what the arc does. For in Fig. B 
we have one alternator running in series, with a second alternator, viz., 
thesolid carbon arc, supplying alternating current to the circuit—because 
the arc transforms direct-current energy into alternate-current cnergy— 
and does itin such a way that whether the frequency of this alternator be 
as Messrs. Frith and Rodgers found, seven periods per second, or 70, or 
170, ог 250, which was the highest limit which could be obtained in my 
ш at that time, and whatever the current might be, within the 
5. tried, this gallant little alternator—the solid carbon arc— 
th Ps the other, and supplies current sufficiently in phase as to make 
Ше alternate current greater when it, the arc, 15 inserted than when it 
15 taken away or short-circuited, 

p has not only pointed out the importance of that result, 
further Д x that result, but he has pointed out somcthing even 
rd Nie > " shown us that an ordinary so-called perfectly silent 
like the кык мш, current from accumulators is, if the carbons be solid, 
da piece of а flageolet or flute, not blown. The application 
in ducum to that arc, consisting of а capacity in series with a self- 
as TAE two operations, It starts vibrations in the arc, just 
as one of those x E rise to vibrations of many different rates. Just 
сазе Of a flute кү of vibration is picked out and reinforced in the 
dependent оп the ageolet by the form of the resonance chamber 
are the patticulae го of your fingers or kevs, so in this musical 
Which is picked ne of the many vibrations that is probably started 

out and reinforced depends on the capacity of 
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Alreadv he has shown you a practical result that has followed from 
this. I do not mean merely those illustrations which he has given of 
magnetic space telegraphy, and by means of which he has shown how 
it has become possible to easily and experimentally demonstrate that 
the E.M.F. of the current induced in the distant secondary coil is 
proportional to the frequency of the alternating current in the primary, 
which will be of marked value to teachers; but beyond that he has 
shown us how to much improve a well-known instrument. The other 


‘day he demonstrated in my laboratory that, adding to the ordinary 


circuit of that very induction-coil, joined up as usual, his little motor 
so as to put the condenser across the break jus! after the break was 
made, a spark was obtained from five to seven times as long as was 
obtained with the coil in the ordinary way. Even if you try to make 
the comparison absolutely fair, and try to arrange the very best 
conditions in each case for the old method and for the new method, 
you still find a great advantage. Let somebody take, for example, 
an induction coil and arrange the battery-circuit, contact-breaker, etc., 
in the old way as well as he can, and let Mr. Duddell use the same 
induction-coil, battery, condenser, etc., and deal with it as well as he 
can, then the spark produced in the latter case will be from 24 to 3 
times as long as in the former. 

There is one other point which has come out in connection with 
these experiments of a rather different kind. Some ten or more years 
ago a paper was read by Dr. Sumpner and myself before the Royal 
Society, pointing out what was then new, that in the case of an 
alternating-current arc, if we used solid carbons, the true power given 
to the arc, that is the power measured by some accurate method, was 
considerably less in some cases than the current measured by a good 
current ammeter multiplied by the pressure measured by an alternate- 
current voltmeter. Subsequently to that, in making experiments I 
was pretty convinced that under certain circumstances a direct-current 
arc behaved in the same way. І was pretty certain, іп the case of a 
direct-current arc, especially when solid carbons were used and the 
arc was hissing, that the power-factor was no longer unity, but not 
sufficiently sure of the fact to publish it, especially in view of the wav 
in which that other paper which I have just referred to was received 
at the Royal Society, and the scepticism which was raised when Dr. 
Sumpner and I pointed out how far from unity we found the power- 
factor was with certain alternate-current arcs. But now I am sure, 
from results of experiments which have been recently made in my 
laboratory, that with an arc supplied with accumulators, а so-called 
steady direct-current arc, if the carbons be solid and there is hissing, 
the power-factor may be several per cent. different from unity—that is, 
the true power as,measured by a true instrument, for example a good 
wattmeter, may be several per cent. less than the product of the volt- 
meter reading into the ammeter reading. 

When I read this paper of Mr. Duddell’s, I thought he had proved 
that a solid carbon direct-current arc was the most sympathetic soul I 
had ever met, but you have convinced us that that is not quite the case, 
for you have shown Mr. Duddell this evening that the sympathy of his 
arc is even exceeded by the sympathy of his audience. 


C 
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ae А. FLEMING: It is very difficult to decide who ought to be 
e e more heartily this evening ; the members of this Insti- 
"n ad having bad an opportunity of hearing such a delightful paper 
шы | Duddell, or Mr. Duddell himself for having completed such 
ae 7 SEE piece of scientific work. It is a paper which I am sure 
i S 2. gladden the heart of our President, for if I mistake not 
ae ave important practical results in connection with electrical 
iine: а and it will perhaps assist in showing that science some- 
n е5 go before practice, and not follow it. | 
т 2. that has most interested me has been the experiments 
Db и arc setting up oscillations in a circuit con- 
DT short-circuited on the arc, because I have been 
ев 2. in that direction lately, only unfortunately I have 
HEC B ba my attention on the alternating-current arc between 
Carbon dle x rodes, whereas 1 ought to have directed attention to 
Lnd: 2. Гат afraid it will be a matter of regret to те that 
lend choice. It is, of course, a well-known tact that if an 
ее. rent arc between metallic balls is used, strong oscillations 
es о а condenser circuit shunting {һе balls, especially if the 
with the 22. by a Well-regulated current of air, But the «Несі 
кейе ae и агс 15 exceedingly interesting, because. it 
"when the 2 | Оп certain critical conditions as to the state of affairs 
of it is (n s Есек If I mistake not, a rough explanation 
tive circuit to bi a this direction. Imagine the condenser and induc- 
Чоп, Then at y placed across the carbons when the arc is іп opera- 
extinguished m moment the arc is robbed of its current, and is 
and it discharges a the potential rises, the condenser becomes charged, 
and heat tats "dd through what remains of the conducting vapour, 
=a Sort of func: - T the arc, and so sets up a periodic state of affairs 
note. But, as ME 1. іп the arc which expresses itself in a musical 
carbons are used Б 2. points out, it will not take place if cored 
used. И seems — will not take place if metallic electrodes are 
reason why it will n н perfectly clear from his experiments that the 
the arc vanishes ied take place with a metallic clectrode is because 
Place with the SUN Perhaps the reason why it will not take 
long. In that Case "s bons is that the conducting vapour remains too 
Produced by cored c should like to know whether the sound will be 
Certainly one de ene if blown upon by a gentle current of air. 
Duddell's pap the most practically important parts of Mr. 
ot switch со al section, in which he deals with the question 
searching to » If Г mistake not, that will cause some heart- 
tension Switches Hi ave been responsible for the manufacture of high- 
of us that what a hi = о the idea has been іп the minds of every опе 
Ну apart аз quick] 2 tension switch ought to do is to have jaws which 
That, according to E Possible, and break the arc as rapidly as possible. 
oi * ы; is exactly what it ought not to do. 
gh-tensio i echnical journal, an elaborate description of 
> lsu purposes. It was to be made of non-arcing 
to do it, and that what : Duddell will tell us that that is exactly how not 
at we want to do in constructing a switch of that 
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kind is not to destroy the arc, but to encourage the arc, only it must 
be an arc which is under perfect control, and which you can whittle 
away by degrees, having it under perfect control until it is finally 
extinguished. . i 

I recollect trying many experiments with carbon poles underneath 
the surface of water drawn apart in the endeavour to combat some of 
those very difficulties which Mr. Duddell alludes to at the end of his 
paper, when he speaks about the risks and dangers of interrupting 
alternating currents in concentric cables. I suppose there is no question 
that some of those effects have been due to the very things he has 
explained to us to-night. 

There is one other point I should like to notice, viz., experiments 
with the induction coil. It is well known to every one who handles 
induction coils that although a coil will work well with a certain 
number of cells, taking, we will suppose, five amperes and working with 
ten volts, yet if you try to work that coil upon a roo-volt circuit, and put 
in a resistance to keep the current down to five amperes, it will not work 
at all. You get a very reduced secondary spark out of it. And the 
explanation is clear. When you have the higher voltage, as the contact 
points separate the arc is drawn out, and the decay of the maguetism 
of the core is therefore hindered, which is exactly what you do not 
want. Therefore the moral of these things is, that in the contact of an 
induction coil you must do exactly the opposite to that which ought to 
be done when constructing high-tension switches. I am sure all this 
portion of Mr. Duddell's paper will have valuable consequences in 
directing those responsible for the design of large switches to consider 
their ways and be wise. 

Mr. A. P. TROTTER (communicated) : The fact that I have published 
so little about my researches on the rotatory phenomena of the direct- 
current arc, makes me reluctant to criticise those parts of Mr. Duddell's 
paper which cover the same ground, and if I did differ with him on а 
few isolated points, I do so without diminishing my esteem for the 
paper as it appears in print, and my admiration for the experiments 
with which it was so brilliantly illustrated. 

The sensitiveness of the arc to small variations of the current was 
brought to my attention by the clicks which corresponded to the 
commutator sections of a little motor which I used to drive my strobo- 
scopic discs. ‘The motor was in shunt to part of an iron-wire resistance 
in series with the arc. I used about 20 amperes on a 100-volt circuit. 
Тһе motor took about one ampere ; I substituted an induction coil tor 
the motor, and the hum or squeak of the contact maker was clearly 
reproduced by the arc. In both of these cases the main current was 
not interrupted, but a small change was made in a shunt. I used to 
work late at night, and did not attempt scrious work until I knew by 
the sound that the Kensington Court dynamos had shut down, and 
that the supply was derived from the batteries. 

I do not think that the model exhibited to show the rotation of the 
arc gave a good idea of the actual conditions, "The crater is horizontal, 
with a good arc between vertical carbons. With a silent, fairly short 
arc the cupped surface appears to be uniformly luminous, but on gradually 
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Increasing the current, and before the hum begins, photometrical Mr.Trotter. 
examination shows the rotatory phenomenon. The bright spot is the 
head ”’ of the comma-like patch of luminosity. This spins round, but 
alwavs within the crater, and it can never be “ on the other side of the 
+ carbon" аз Мг. Duddell suggests, unless the arc be very long, and 
the + carbon rounded instead of being flat or cupped, and the arc very 
of " egular. I think Mr. Duddell has rather exaggerated the extent of 
I Б rotation, perhaps by way of making the point more clear. But 
; agr re with him generally that the periodic variation of the light 
ЇЗ most probably due to the fact that any one portion of the crater 
222 at one time a brilliant and at another time a less brilliant light 
КОЙ, oscillograph mirrors. Unless the whole of the light can be 
я үз: ann dealt with, I do not think that the author is justified in 
Mis nat “the light" varies with the frequency of the hum. It is not 
the У, however, that the total light does vary ; but this, on account of 
variation оғ current rather than on the strength of the author's 
Photographs, 
оа - I observed the variation of the current by means of a 
amperes < wound with thick wire carrying the whole current of 20 
nating ls Г made some attempt to measure the variation, as an alter- 
the ‘ites Mt Dit I had not the means for doing 50: this was опе of 
more. с B which I wished to investigate before publishing anything 
of an acc- ther matters which I have regarded as indispensable features 
Spot,” thy о of the humming arc are а set of photographs of the “ white 
relation = comma," and the * butterfly," and an investigation of the 
Variation a е periodicity, of hum, current, and length of arc. The 
t has T. current has been admirably measured by Mr. Duddell, but 
merely фуду, I think, thrown any light on the cause of the variation. We 
he volts ve his statement, that with a humming arc the current and 
likelih and the light vary with the frequency of the hum. I see по 
be glad tc как being able to continue my research at present, and I should 
it up w ese See Mr. Duddell or some equally competent investigator take 
m quite I left off. I think that I can account for the rotation, but 
After- га 1 Unable to understand the variation of the current. 
arcs, then - Ong study of enlarged images of silent, humming, and hissing 
Ayrton is o hors diagrams, Figs. 6 and 7, do not convince me that Mrs. 
rotating >» J “Ystified in suggesting that “the hissing arc is also probably 
kinds 45 Xamination of the images of hissing arcs with various 
Periodici Stroboscopic discs has not disclosed either rotation or 
from а ph. The diagrams show exactly what might be expected 
of Alis. T Ojrraph reproduction of а hiss. The image of the crater 
about ; hae are shows a patch or patches of brilliant luminosity jumping 
i er es find no better expression. They may flicker with more 
т beh: Maca <trity for a second or two, but with an ordinary hissing arc 
пд pe t is erratic and capricious. Fig. 6 shows three waves 
live е 1! €clicity of about one hundredth of a second ; if this were 
isa] Of ү É an appreciable period it would give a hum, sounding the 
Шз 32. © bass clef, and in so far as any periodicity exists, the arc 
IN ge = => arc as well as a hissing arc. As іл the case of the 
5<-, the record of the oscillograph cannot be accepted as 
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indicating the variation of the whole light unless the whole light is dealt 
with. 

Of the remainder of the paper I will say nothing but to repeat my 
admiration, and of the parts to which I have referred I would say, 
without disparagement, that they serve to fill up chinks between the 
classical paper on the Hissing Arc and one on the Humming Arc, which 
has not yet been written. He who has time and opportunities for 
writing the latter has some fascinating work to do. 

Mr. M. O’GORMAN (communicated): Mr. Duddell, with admirable 
self-restraint, puts the suggestion of damage to concentric cables from 
the sudden interruption of an arc between metal contacts in the shape 
of a question. His suggestion is very probably right in certain cases, 
but I think these cases аге at present rare, for several reasons. 

I. The capacity necded to extinguish suddenly а metallic arc when 
the voltage was 200 was shown by his experiments to be considerable 
-—as cable capacities go. (The entire eleven miles of the Ferranti 
Deptford main has only a capacity of 3:8 microfarads, and Mr. Duddell 
uscd 5 mfd.). 

2. That capacity must be, so to speak, immediately available, not 
separated from the arc to which it is a shunt by cither self-inductions 
or a resistance, one or both of which are almost always present in the 
armature of the dynamo, motor, &c., if not in the mains, through which 
the cable capacity acts on the arc of a switch. 

3. The capacity is almost invariably shunted in low-tension systems 
by the non-inductive filaments of the lights which are not extinguished 
at the time of the operation of the switch under consideration, for the 
load on a central station of any magnitude such as would have a large 
capacity on its mains never falls to zero. 

4. The leakage from main to main is almost invariably sufficient to 
allow a normal current of a few amperes to flow; thus the capacity 
shunting the arc is itself shunted by a small resistance, sav тоо 
ohms, even supposing the arc to be struck when there are no non- 
inductive filaments connected. 

5. It was proved by Northrup and Pierce (Electrical World, Nov. 6, 
1897), in a paper quoted by Steinmetz, that the disruptive effect of high- 
frequency oscillations from a condenser and self-induction, or the peaky 
volt surgings from an induction coil, is much less than that of a 
sinusoid alternating voltage, on heavy insulating oils (which are the 
basis of the bulk of modern concentric cables). Hence 2,000 volts does 
not of itself always mean a very heavy puncturing effect applied to a 
cable, though it may mean a great deal with a piece of dry paper, the 
path across which is practically an air-gap. 

On high-tension mains in ordinary practice we are far from getting 
the short snappy, almost explosive extinction of the spark which 
Mr. Duddell got on each occasion signalised by the paper puncturing, 
and I have been unable to speak to any one who has seen such a sudden 
interruption of the arc in practice on the mains. This is due to two 
facts. First, that a D.P. switch is always used which disconnects the 
condenser from the circuit while breaking it ; and secondly, if one limb 
of the switch operates before the other has begun to arc, as is frequent, 
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or if a single-pole switch is used, the condenser is not directly in shunt 
across the metal arc between the contacts, but is across them, in series 
with the-self-inductions of the line and some part of the load in parallel 
with the alternator. Whether alternating generators having small self- 
induction arc for this reason to be preferred, is a question which is 
probablv settled by the fact that all alternators now made have such 
resistance and self-induction that sparks are not usually swamped with 
this dangerous suddenness. 

Every one who heard Mr. Duddell's paper must agree that he may 
justly feel proud of his brilliant success, both in research work and in 
demonstration. 

Dr. E. W. MARCHANT (communicated) : There is a question which is 
of some interest in connection with one of the experiments Mr. Duddell 
showed at the demonstration on December 13th. I refer to that in 
which the music of the arc was first changed іп note, then stopped 
altogcther by the introduction of an iron-wire core into the self-induc- 
tion he was using. 

Apart altogether from phenomena produced by energy absorption, 
the increased sclf-induction of the coil produces an increased im- 
pedance of the circuit, and a consequently decreased alternating 
current in the circuit, the impressed Р.О. remaining constant. This 
reduced current gives rise to a diminished expansion and contraction 
of the vapour column, and consequently a note of less intensity is 
heard. At the same time, the absorption of energy іп the core pre- 
vents the amplitude of the oscillations in the circuit increasing beyond 
a certain limit; they are damped out too quickly. I wish to draw 
attention more particularly to the causes of the energy absorption. 
Mr. Duddell describes the effect as being due to hysteresis, but I think 
he should describe it as an effect partly due to hysteresis and partly to 
eddy current 1055. It does not seem to be generally recognised. that 
the eddv current loss in iron is always very much greater than in any 
other metal, copper for instance. In several instances descriptions of 
eftects produced by iron wires that are not produced by copper wires 
have been published, and the cause of the difference in behaviour of 
the two metals at once put down to hysteresis without taking account 
of eddy currents, quite forgetful, apparently, of the fact that eddy- 
current loss in iron wires at ordinary induction densities, is many 
thousands of times greater than in copper, in spite of the relatively 
great conductivity of copper. For example with No. 28 soft iron 
wires, with an induction density of about 15,000 lines per sq. cm. 
and a frequency of r,ooo, the eddy-current loss is double that which is 
due to hysteresis. It would seem, therefore, in this experiment that 
eddy currents are at least as potent as hysteresis. 

'The very interesting experiment shown by Mr. Duddell with an 
induction coil, in which the spark length from the secondary was 
increascd by connecting the condenser the instant after the spark was 
formed at the contact breaker, is capable, I think, of a comparatively 
simple explanation. Тһе experiments preceding this proved that 
the P.D. induced between metal electrodes is higher when the con- 
denser is suddenly switched on with the arc burning, than when the 
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current is suddenly switched on, the condenser being always in con- 
nection. 

When a condenser is switched on between the terminals of a spark- 
gap, oscillations are set up in the condenser circuit (the frequency of 
the oscillations depending on the conditions of the circuit) which may 
cnable the arc to restrike. If, however, the time at which the con- 
denser is switched on be so regulated that the arc will just not restrike, 
the current through the coil is annulled with great suddenness, at a 
rate calculable from the conditions of the circuit. If, on the other 
hand, the condenser be applied from the beginning of the break, the 
arc will be able to restrike, and rapidly alternating currents will traverse 
the metal arc until the distance between the contact points has so far 
increased as to prevent this. In other words, the cause of the phe- 
nomenon is the fact that the rate of flow of current into a condenser, 
and the consequent rate of extinction of the current through the induc- 
tion coil, has its maximum value when the condenser is first con- 
nected, a fact known from the solution of the equations determining the 
charge of a condenser. 

I can only add my congratulations to Mr. Duddell on his admirable 
paper, and still more admirable experiments. 

Mr. ALEXANDER RUSSELL (communicated) : For his wonderful dis- 
covery of a simple method of obtaining alternating currents of high 
frequency from the direct-current mains, Mr. Duddell deserves the 
grateful thanks of all electricians. In case any of those who did not 
hear Mr. Duddell may think that the method requires elaborate арра- 
ratus or careful tuning, the following account of a rough experiment 
with an ordinary direct-current arc lamp may prove instructive. The 
lamp was run direct from the hundred-volt street mains through а 
resistance, and had the ordinary shunt and series regulating coils. А 
coil of r10 yards of 7/15 cable about 2 feet in diameter, wrapped up asit 
came from the makers, was put in series with a condenser, and the two 
were placed as a shunt between the carbons. The condenser was з 
very roughly made one of about го microfarad capacity, and was 
similar to those used with ordinary induction coils. On switching on 
the current, which was about twelve amperes, a high musical note 
could be heard very occasionally, but on reducing the current the note 
became continuous, Placing another coil of cable in the neighbour- 
hood of the first coil, it was casy to feel and casy to see by the sparking 
on breaking the circuit that powerful induction effects were taking 
place between the two coils. The induced E.M.F. could also be read 
on а hot-wire voltmeter up to a distance of two or three feet between 
the coils. 

A Siemens’ clectro-dynamomcter placed in the main circuit read 
3 amperes (C), and another in the condenser circuit read 271 ampcres 
(1). The resistance of the coil of cable and of the dynamometer and 
leads was about o'25 ohms (К), and the musical note given out by the 
arc showed that the frequency of the alternating current was about 
two or three thousand per second. The Р.О. between the car bons was 
48 volts, and the current in the main circuit did not appreciably aller 
when the condenser circuit was switched on and off. 
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The power-factors of the arc and the condenser circuit can be Mr. Russell. 

easily found. Let V cbe the Р.О. between the carbons where V is 
a Constant and e varies, then, as is well known, the effective P.D. will be 
A/ V? + ж, where v is the effective value of e. Let also В be the 
resistance of the condenser circuit, shunting the arc when the con- 
denser is short-circited, and let I be the effective value of the instan- 
taneous current in' this circuit, then the power expended in it will be 
R I? + H, where H represents the power expended in the condenser 
and in neighbouring metallic circuits; When we can neglect H, the 
рохгег-Ғасіог of the condenser circuit 


irue watts 


~ apparent watts 
(RP 
XN TI 


= O'OII.. 


[On swilching off the condenser circuit the P.D. fell from 48 to 40. 
Hence = 48, V=40 
OU = 27 
2. кше I do not remain steady for more than a few seconds 
IF C be Vary between wide limits.] 
* current in the main circuit, then the alternating com- 


ponent in Cis very small, and so we can consider С as constant. 

The instantaneous power | =(V +7) (C —2) 

expended in the are S=VC—vitvC—Vi. 

Now the mean value of the last two terms for a complete period is 
деге», and the mean value of —piis — R Ie. 

^. Power expended in arc =VC—RI? 
actor of the arc = ыш С s ay 

JV? + г? JP + С: 
== о`68. 


2. Розет.р 


The Current through t 


31 the arc is of course «Л F C7, ie., 3°66 amperes. 
The _Power-factor of v з 


both arc and condenser circuit taken together 
LQVCCRPERE 
CA Vn 
желет. PM 
М + 2" 
<, Ч . 
Нер — ioe rofessor Ayrton pointed out, we have part of a direct- 
Current <UL With a Power-factor less than unity. The determination 


Mr. Russell. 


Mr. Clinton. 


Mr. Duddell. 


278 DUDDELL: RAPID CURRENT-VARIATIONS IN (Dec. 13th, 


of г is not very easy when vis small, as V апа ./V? + i? are nearly equal 
to one another. For example, if V is 48 and v is 6, then the difference 
between V and / V? + 77 is only 0°37 of a volt. 

Mr. Duddell mentions that for a very rapid rise of i, v shows an 
initial rapid rise, and hence v and ; will have the same sign. This 
seems to indicate that when the frequency of the natural vibration of 
the condenser circuit is greater than 10,000 it may be impossible for its 
current to absorb sufficient energy from the arc to keep up the vibra- 
tions, and hence the phenomenon would cease. As Mr. Duddell has 
not yet published his experiments on the resistance of the electric arc, 
it perhaps would be hardly fair to ask him to clucidate more fully some 
of the results in connection with it he has mentioned. So far as inte- 
rest and importance are concerned, the paper by Messrs. Duddell and 
Marchant on alternate current arcs was hard to beat, but I think Mr. 
Duddell has done it. 

Mr. W. С. CLINTON (communicated): The extinction of the metal 
arc when shunted by a condenser is probably materially assisted bv the 
superior conductivity of metal electrodes. In confirmation of this it may 
be noted that extinction under given conditions is certain with copper 
poles, less certain with zinc, and does not take place with carbon. lt 
would be interesting to know whether extinction is accomplished with 
the same certainty using copper after the arc had been running for, say, 
an hour, and everything was thoroughly hot. 

Мг. W. DUDDELL (in reply) [communicated February 22, 1901): То 
the interesting remarks made by Professor Ayrton on the connection 
between my experiments and those of Messrs. Frith апа Rodgers and 
on the bearing of these experiments on the value of the resistance ot 
the arc, I will make no replv, as I hope at an early date to enter very 
fullv into this subject. 

The fact that the power factor of a direct current hissing arc is les 
than unity is evident from Figs. 6 and 7, and Из value could be calcu- 
lated from them. Mr. Alexander Russell justly points out that thc 
power factor of the Musical Arc is also less than unity ; in fact, ап 
arc, or any other conductor which has a resistance or an Е.М... 
depending on the strength of the current, forms part of а circuit 
through which a varving current flows, so that the instantaneous values 
of the Р.О. and current do not have a constant ratio, then the power 
factor of that circuit will be less than unity. 

Dr. Fleming, in his explanation of the phenomena of the Musical 
Arc, assumes that the are is extinguished at each oscillation ; but this 5 
not necessarily the case, as by changing the conditions of the arc, the 
current can be caused, either to vary over a very limited range without 
at any instant becoming very small, or it may be caused to vary ove 
such a large range that actual reversal of the direction of the current 
through the arc takes place, the are current becoming practically an 
unsymmetrical alternating current. 

Dr. Fleming also asks whether cored carbons can be used if the atc 
be blown upon by a gentle current of air. Intermittent arcs can CT 
tainly be obtained between cored carbons by this means ; in fact, 50 I 
as I have tried, intermittent arcs сап be produced between any elec- 
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trodes we: | 
Р о. Stable circuit conditions and blowing either by means of 
lS ue °F à Current of air. This latter phenomenon, where the arc 
1S, 80 to зау Е А 4 р | | 
founded те extinguished and relights, must not be con- 
specific Bio ! the Musical Arc, which depends for its action ona certain 
tor, no act, Perty of the arc considered simply as an electrical conduc- 
for the ph is extinctions or intermittances of the arc being necessary 

мо а to maintain themselves continuously. 
M E e cedant raises the question of the connection between the 
arc, and m alternating current in the condenser circuit shunting the 
Vere lites € frequency. I have measured this current, and I find it 
fact th E affected by change in frequency P this is probably due to the 
perc. the periodic time of the current is always the same as the 
don time of the circuit, so that it is the resistance of the shunt 
idae: which determines the flow of the current and not its selt- 
ое ien ог capacity. Dr. Marchant says that “ eddy current loss in 

15 many thousand times greater, at ordinary induction densities, 
than in Copper,” but is this a fact? If the induclion is the same, then 
the loss in copper, other things being equal, is greater than in iron. 
Does not Dr. Marchant mean for the same magnetising force? ‘Taking 
the Case of the experiment shown at the mecting of an iron wire core 
Introduced into the self-induction coil stopping the note. The coil used 
consisted of 98 turns of No. 12 D.C.C. wire, mean diameter 35 cms. 
Self-induction without core 523 X 1073 henry. The core used con- 
Sisted of a bundle 3 cms. diameter of No. 26 iron wires 54 cms. long. 
Weight 1g kilogrammes. The frequency was about 950 MJ per second 
without the core and was reduced by its introduction, the arc just 
failing to emit its note when the core was central in the coil. It is 
improbable that the induction in the core attained 1,000 lines per cm.? 
SO that although the eddy current loss is considerable, I still think that 
the cessation of the note was mainly due to hysterises, though whether 
it was due to hysterises or eddy current losses does not affect the object 
of the experiment, viz., to show that causes which tend to dissipate the 
energy in the condenser circuit may stop the arc giving its note. 

Mr. Clinton asks whether the extinction of the metal arc when 
shunted by a condenser will take place with the same certainty after 
the arc has been running for, say, an hour. 

I have no experience of metal arcs which have been running for 
such a long time; after a few minutes the arc is burning between 
globules of molten metal, and in this condition the extinction still takes 
place. Any further burning will not, I think, materially affect the con- 
ditions, as the molten metal then drops off as it is formed. I am of the 
opinion that the suddenness does depend on the quickness with which 
the vapour condenses under the given conditions ; thus, if the whole 
»pace in which the arc was burning was at a higher temperature than 
the temperature of volatilisation of the metal, I should expect that 
extinction would not be produced. 

In connection with the subject of the dangers of capacity shunting 
the switch contacts in inductive circuits, Mr. O'Gorman advances 
several reasons for thinking that at present such dangers are rare. 1 
am not, however, inclined to agree with him, and if I were re-writing 
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my paper at the present time, I should no longer use such self-restraint 
as to put the suggestion of damage to concentric cables in the form 
of a question. I will consider the reasons he gives as far as possible in 
order. 

I. There are in use at the present time, and their number is rapidly 
increasing, a considerable number of concentric cables having two or 
more microfarads capacity, and these capacities would be sufficient to 
produce the sudden extinction of the arc between the switch contacts 
under my conditions. It must also not be forgotten that the smaller 
the capacity, other things being equal, the higher will be the rise of 
P.D. between the terminals of the switch, supposing the arc is ex- 
tinguished. 

2 and 3. Mr. O'Gorman is quite correct that the capacity must 
directly shunt the switch contacts and not be separated from them by 
any considerable self-induction or resistance. This actually occurs in 


Fic. C. 


practice in several cases. I will take as an example the ordinary case 
of switching off a high tension concentric cable from the buss bars, to 
which several such feeders are connected, as shown in Fig. C. The 
outers are all assumed connected together and to earth. The capacity 
of the inner of, say, cable a to the inners of cables 5, c, &c., will be due 
to the capacity of a in series with the joint capacities of b, c, &c., and 
will have a value which will range between one half, in the case of two 
identical cables, and equal, in the case of a large number of cables, the 
capacity of the inner to the outer of each cable. "This capacity of the 
inner of a to the inners of b, c, &c., directly shunts the contacts of the 
switch in the inner of a, so that if an inductive load be connected to 
the cable, we have all the necessary conditions for a serious risc in 
Р.О. between the switch contacts and consequent danger to the cab/es 
In spite of Mr. O'Gorman's statement at the end of his remarks 
“that a О.Р. switch is always used which disconnects the condenser 
from the circuit while breaking it,” I think it is more usual in the case 
of high tension feeders to employ single-pole switches (Ferranti switch 
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Sear), though even when D.P. switches are used it can easily be «сеп 
that they would not prevent some considerable capacitv from still 
directly shunting the switch contacts. Another case in which capacity 
directly shunts the contacts is that of a switch in a substation which 
Joins the inners of two concentric cables. The insulation resistance of 
high tension cables will in general be several megohms, so that there 
Will not be sufficient leakage to reduce the danger. 

In low tension networks the dangers are much less; probably the 
Worst are those due to a short circuit or to a large motor failing to start 
Пр, resulting in the action of some automatic cut-out or fuse whose 
Contacts, or those of the short circuit itself, are practically directly 
shunted by part of the capacity of the system. If the capacity is shunted 
by a non-inductive resistance as low as 100 ohms I should certainly 
Expect the danger to be very small. 

5. Without further experiment I am unable to say what is the 
Puncturing effect of the rises іп Р.О. I have observed, as I have 
always lad to be most careful to keep the rises well under control to 
avoid breaking down the condensers. One thing is, however, quite 
Certain, and that is that even with experiments on such a small scale as 
those described in the paper the puncturing effect is considerable. 

here is one other point which I have not yet alluded to, and that is 
he question аз to whether a distributed capacity such as that of a 
concentric cable will behave the same as a condenser. It was this 
doubt which Jed me to put my suggestion of the possible danger to 
Cables in the form of а question. Owing to the courtesy of Mr. 
Minshall 1 have been able to test this point experimentally with an 
actual cable under more nearly practical conditions, and I find that the 
Пзез іп P.D, do take place when using the distributed capacity of а 
Concentric cable. 

Mr. Trotter alludes to the extreme sensibility of the arc to small 
variations in the current through it. Since writing the paper I have 
heard of another rather interesting example of this sensibility. Whilst 

N35 making experiments on the Musical Arc at the Central Technical 
College, obtaining тау current from the street mains, Mr. W. Bradfield 
Noticed that an arc, with which he was working in Sir W. de W. Abney's 


кешу, and which was also supplied by the street mains, was playing 
a tune, 


Thus this later ar 
and was not ad 
effect, оп the d 
by my Musical 
an ampere fro 


с, which was burning under ordinary conditions 
justed in any way to make it sensitive, detected the 
istributing network of a large supply station, produced 
Arc taking a current which was varying by about half 
mthe mean, although the two arcs were in totally distinct 
ndings, at а distance, ina straight line, of about 400 yards from опе 
another, and at à considerably greater distance if measured along the 
street mains. 
я = Trotter is Quite correct that the model of the humming arc 
БОО meetin g was greatly exaggerated, but this was necessary 
I said Pas effect visible to thoseat the back of the lecture hall. When 
light : : he light varies, I thought that I had made it clear that {һе 
Bat to which I referred Was that given out in the direction of my lens, 
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as Гизе at the end of my section on the humming arc the expresssion 
“the light emitted in a given direction." In order to make this quite 
clear I have inserted the words “іп a given direction" into my conclu- 
sions at the end of the paper. 

It is admitted, I think, that the humming arc rotates. Suppose it is 
once started in rotation, it cannot continue so without some force or 
forces are acting on it tending to maintain {һе rotation. The question 
is, what is the nature of these forces? At first sight there are two 
possible causes outside the arc itself. which may tend to maintain the 
rotation and humming. I refer to convection currents of air and to 
the effect of a magnetic field. The first of these does not seem to be 
the true explanation, as the arc will hum in any position even with the 
carbons horizontal; the second, the magnetic field, is also for a similar 
reason excluded ; in fact, the arc will still hum even if deflected to one 
side of the crater and kept there by means of a magnet. So that 
neither of these causes seems able to supply a satisfactory explanation of 
the rotation of the arc observed when humming. 

Within the arc itself there is a possible cause for the rotation, viz., 
if the arc is burning between anv two points, and there exist contiguous 
to them any two other points between which the current would do less 
work in maintaining the arc, then the arc will tend to move from 
between the former to between the latter points—that is, under ordi- 
nary conditions the arc will tend to move to between those points 
requiring the lower P.D. Suppose the arc is rotating, I will call the 
side of the spot where the current passes from the carbon to the gas, 
which /eads in the direction of rotation, and which is constantly moving 
to points on the end of the carbon through which no current was passing, 
the leading side. In order that the arc may continue to rotate, it is neces- 
sary that the leading side should be moving into successive positions which 
require less Р.О. to maintain the arc than do the other sides. There аге 
three possible causes of such an effect. (1) The ends of the carbons may 
be nearer together at the leading side than elsewhere. (2) The oxygen 
of the air may obtain better access to the leading side, either directly or 
by being absorbed in the carbons. (3) The temperature gradient а! 
the leading side may be different to elsewhere. Of these (1) does not 
seem to be the true cause of the rotation, as the arc will often move 
from burning between points at a shorter distance apart to between 
those at a longer; though a variation in distance in conjunction with 
the rotation of the arc may well be the cause of the observed variation 
in Р.О. and current. (2) The direct access of the oxygen of the air to 
the hot carbon and its combination with it would scem to tend to stop 
the rotation, as Ц would be less likely to combine with the cooler carbon 
at the leading side and produce а drop in P.D. there, such as Mrs. 
Avrton discovered in her experiments on hissing, than to combine 
with hotter carbon at the other sides. It is difficult to say whether 
the oxygen absorbed in the carbon would behave in the samc 
way. (3) The possible less temperature gradient at the leading side 
seems to me one of the most probable causes of the rotation, though 
considerably more experimental evidence as to its effect on the P.D. 
required to maintain thc arc is necessary before any very definite 
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opinion can be expressed. If the opportunity offers I hope to continue Mr. Duddell. 
my experiments on humming along this line. 
In conclusion, I wish to express my thanks to the members of the 
Institution for the very kind way in which they received my paper. I 
wish also to thank Messrs. G. Wall, L. Murphy, В. M. Moberly, and 
J. F. Hunt for the untiring way in which they helped me to prepare and 
carry Out the experiments shown at the meeting. 

The PREstpEexT: I will now ask you to give a vote of thanks to Ea senis 
Mr. Duddell for his paper. I really do think we have had the most 
extraordinary luck this session with regard to having good papers, and 
I think this is one of the best. 

The vote was carried with acclamation. 
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The Three Hundred апа Fifty-Fifth Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil Engineers, 25, Great George Street, Westminster, 
on Thursday evening, December 20th, 1900, Professor 
JOHN PERRY, F.R.S., President, іп the Chair. 


The minutes of the Ordinary General Meeting held on 
December 13th, 1000, were read and approved. 


The names of new candidates for election into the 
Institution. were announced, and it was ordered that they 
should be suspended. 


The following transfer was announced as having been 
approved by the Council :— 


From the class of Associate Members to that of 
Members— 


Francis E. Procter. 


Donations to the Library were announced as having been 
received since the last meeting from Mons. G. Eiffel, to the 
Building Fund from Messrs. J. S. Highfield, С. Е. К. 
Jacomb-Hood, апа К.Н. Sperling, and to the Benevolent 
Fund from Mr. J. S. Highfield, to whom the thanks of the 
meeting were duly accorded. 


Messrs. Hal Williams and Alan Williams were appointed 
scrutineers of the ballot for the election of new members. 


The following paper was read :— 


THE ELECTRICAL ENGINEERS R.E. IN SOUTH 
AFRICA. 


By LiEUT.-COLONEL R. E. CROMPTON, E.E. (R.E.) V., 
Past-President. 


At the request of your President I have prepared а 
narrative of. the war services of the small body of electrical 
engineers who left England early in the spring of this vear 
for South Africa and who have now returned. 
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| must commence by reminding you that the corps of 
Electrical Engineers. R.E. Volunteers was raised by the 
help of this Institution in order to enable electrical 

engineers to place their services at the disposal of the 
country in case of need. It is acknowledged that every 
year electrical appliances will be more and more used in 

, military operations. Up to last year the special work on 
which the corps had been instructed and drilled for home 
srvice has been. the management of the searchlight 
apparatus used at various points for coast defence, to which 
has been added some instruction in submarine mining and 
cognate matters. 

As both officers апа men of the corps felt that the 
training which every one in the.electrical profession must 
80 through has made us all handy men, not only for 
electrical, but for general mechanical engineering work, we 
offered our services for the war in South Africa. Our offer 
Was accepted in December, 1899, and after some consulta- 
tion with the War Office an equipment was designed by 
Our own officers and was manufactured with such rapidity 
that our first detachment was ready for embarkation early 
in March. 

Five officers and forty-seven men were mobilised іп 
February, and on the 16th of March five officers and forty- 
seven men embarked from Southampton оп ss. Tagus. On 
the 17th two officers and one non-commissioned officer 
embarked om the Custodian in charge of the equipment. 

The equipment has already been described 1n the technical 
Journals; I will remind you that it consisted of port- 
able searchlights mounted on carriages somewhat similar 
to those used for field artillery guns, the electrical energy 

ing generated by dynamos carried on small compound 
1 traction engines. Special cable carts were also рго- 
vided. 

1 do not Propose to take your time in giving the details of 
Construction of the projectors, engines, dynamos, or other 
apparatus ; those interested in these matters will have full 
Opportunity of examining it in March next, when the head- 
quarters of the Corps are completed. 

Although Steam traction engines were chosen, it was 
Огеѕееп that the oil engines to which the corps is so 
Well accustomed at its annual trainings would have had 
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great advantages if a portable type of oil engine had been 
procurable. 

A supply of arc lamps, with special lanterns which could 
be readily packed, and incandescent lamps with fittings, 
were also sent out for the electric lighting of working 
parties, depots, and railway sidings. 

A novel feature of the equipment was that twenty 
bicycles were provided with reels on which fine, uninsulated 
copper wire was coiled, to serve as telephone conductors, 
and a special light and very portable type of telephone 
was obtained, which, as will be seen hereafter, gave excellent 
results. | 

The whole of the remainder of the equipment, which 
contained, among other things, complete sets of repairing 
tools, tube wells, pumps, and portable forges, was carefully 
considered, and subsequent experience showed that it was 
well chosen. 

The Tagus arrived at Cape Town on the 4th, and the Unit 
disembarked on the 6th and were encamped at Fort Knokke 
for a few days. Тһе Custodian arrived оп April 12th, and 
the equipment, including two of the 8-ton traction engines 
and four 5-юп waggons, were unloaded that night. 

Colonel Girouard, the Director of Railways, at once applied 
to have the Electrical Engineers attached to the railway 
re-construction trains, and they were ordered to get ready 
to move up country as quickly as possible. On Saturday 
night, the r4th of April, the whole of the equipment was 
packed on five large bogey trucks, but even their start 
seemed likely to be delayed as the line was blocked with 
press of traffic. Under these circumstances the Unit 
received an invitation from the Electrical Engineers of 
Cape Town to attend a smoking-concert to be given in their 
honour on the following Tuesday, but unfortunately this 
could not be accepted, as on Monday morning the Unit 
suddenly got orders to start. 

After a journey of three days and four nights it arrived at 
Bethulie at 5 a.m., 20th of April, and at once off-loaded the 
equipment, and within a few hours the first installation ot 
temporary electric light for war purposes was erected on the 
Bethulie road bridge, which was then temporarily in use for 
railway purposes, during the time that the low-level devia- 
tion railway bridge was then constructed by the Railway 
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Pioneer Regiment to replace the original railway bridge 
which had been destroyed by the Boers. 

At first six arc lamps were found sufficient, апа these 
were erected and worked nightly from one of the dynamos 
mounted on its traction engine at the river-bank. As soon 
as the low-level railway bridge was completed the installation 
on the road bridge was dismantled and transferred to the 
new bridge, the approaches to which, being tortuous and 
having steep gradients, had to be worked by the engine 
drivers with the greatest caution, so that for some days the 
arc lights were used to light these approaches. 

The first time the field telephones were put to work was 
at this place. A line was laid across the bridge for the use 
of the railway, and a good telephone service established. 

During the time that the corps was at Bethulie Sergeant- 
Major Brown, R.E., and Sapper Phillips, E.E., were sent 
out with part of the telephone equipment to accompany а 
flying column which left Bethulie on May 2nd to join 
General Hart, who was then moving south from Smithfield. 

As the telegraph line between Bethulie and Smithfield had 
been destroyed the new field telephones were brought into 
use to maintain communication with the flying column, and 
this was kept up without any failure during the time the 
column advanced until it met General Hart. General Hart 
was thus enabled to be put into communication with Lord 
Roberts vid Bethulie, temporary communication being made 
between General Hart's camp, one and half miles from the 
telegraph line, by bare copper wire No. 22 gauge laid on the 
ground from the bicycle reels supported by a special belt 
to the body. 

On the 6th of May the Unit arrived at Bloemfontein and 
was split up into two sections, one going on direct to Rail- 
head, which was then at Vet River, the other section remain- 
ing at Bloemfontein to carry out the electric lighting of the 
goods yard and locomotive shops. At this point an instal- 
lation of arc and incandescent lamps was erected and 
worked by No. 1 engine and dynamo, and has been running 
ever since, the installation being gradually increased in size 
until there are now sixteen arc lamps and a large number 
of incandescent lamps installed. It must be noted that it 
15 somewhat of a feat to carry out a temporary job of 
railway lighting of this kind, and to work it continuously 
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Pioneer Regiment to replace the original railway bridge 
which had been destroyed by the Boers. 

At first six arc lamps were found sufficient, and these 
were erected and worked nightly from one of the dynamos 
mounted on its traction engine at the river-bank. Ав soon 
as the low-level railway bridge was completed the installation 
on the road bridge was dismantled and transferred to the 
new bridge, the approaches to which, being tortuous and 
having Steep gradients, had to be worked by the engine 
drivers with the greatest caution, so that for some days the 
arc lights were used to light these approaches. 

The first time the field telephones were put to work was 
at this place, A line was laid across the bridge for the use 
of the railway, and a good telephone service established. 

During the time that the corps was at Bethulie Sergeant- 
Major Brown, R.E., and Sapper Phillips, E.E., were sent 
out with part of the telephone equipment to accompany a 
flying column which left Bethulie on May 2nd to join 
General Hart, who was then moving south from Smithfield. 

Asthe telegraph line between Bethulie and Smithfield had 
been destroyed the new field telephones were brought into 
use to maintain communication with the flying column, and 
this was kept up without any failure during the time the 
column advanced until it met General Hart. General Hart 
was thus enabled to be put into communication with Lord 
Roberts vid Bethulie, temporary communication being made 
between General Hart’s camp, one and half miles from the 
telegraph line, by bare copper wire No. 22 gauge laid on the 
ground from the bicycle reels supported by a special belt 
to the body. 

On the 6th of May the Unit arrived at Bloemfontein and 
Was split up into two sections, one going on direct to Rail- 
head, Which was then at Vet River, the other section remain- 
ing at Bloemfontein to carry out the electric lighting of the 
tee yard and locomotive shops. At this point an instal- 
ation of arc and incandescent lamps was erected and 
Worked by No. 1 engine and dynamo, and has been running 
oT the installation being gradually increased in size 
ps аш, аге now sixteen arc lamps and a large number 
is som escent lamps installed. It must be noted that it 
сайт “What of a feat to carry out a temporary job of 

ay lighting of this kind, and to work it continuously 
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without any failure or interruption from May - -— gine with 


(i.e., up to the date of writing), using only one SS advice must 

no spare plant, and the credit of this excellent = ——— as left at 

be mainly given to the small detachment that m Caarten, 

Bloemfontein under command of Corporal Bic— > ermanent 

to whom has since been entrusted the design for eg 

installation to replace this temporary plant. -———— Construc- Ж 
The advance section at Vet River joined the= __———amonths of 


tion trains and remained with them during фе icting the 

May and June—i.e, until the work of reconstrc —— — — — ———tate up to 

railway was completed through the Orange Free 

the Vaal River. of Хо.> 
The equipment of this No. 1 section consister— —— -gE sequently 

traction engine with its dynamo, two waggons, s# — ~- px limbers, 


increased to four waggons, two projectors with {Ее аж teen arc 
pue 
two cable carts, extra cable coiled on drums, 22 necessary 
lamps with suitable poles, hoisting gear and the JE 2 suitable 
accessories, a supply of incandescent lamps w= ж =~ of Insu- 
fittings, fourteen sets of field telephones, a supr» Oiled on 
lated and bare copper wire telephone conductores = _— ule or on 
reels which could be either carried оп the Ыс 2S7 m position 


special slings strapped to a man’s chest іп such E 5 ee ІСіог. 
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that he could either pay out ог wind up a con of many 5. 
The work at Vet River may be taken ав фур == — a night by 
other works at which it was necessary to work а- Е.Е. was \ 
artificial light. The Railway Construction Corpse -ahe river ; 
engaged in constructing a main bridge across = in these 
approached by long deviations from the main line” БИИ» ы <l there- 
were three smaller bridges. The lighting plant E 7 
fore to be erected at each of these bridges in turn —— oe Section 
When the Vet River work was completed ge c by me 
moved on to Smaldeel, and there was joine Of May. 


with a draft which had left Cape Town on the АЖ. -— ynamo, 


I brought with me a third traction engine with ПЕ  — ditional 
an additional supply of concentric cable, two 89 k over 


5-ton waggons, stores, bicycles, %с., and then to 


command of the Unit. Me ш DA 
As occasion arose, the whole of the Bloemfont тше 
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without any failure or interruption from May to December 
(i.e. up to the date of writing), using only one engine with 
no spare plant, and the credit of this excellent service must 
be mainly given to the small detachment that was left at 
Bloemfontein under command of Corporal Bicker Caarten, 
to whom has since been entrusted the design for a permanent 
installation to replace this temporary plant. 

The advance section at Vet River joined the reconstruc- 
tion trains апа remained with them during the months of 
May and June—i.e, until the work of reconstructing the 
railway was completed through the Orange Free State up to 
the Vaal River. 

The equipment of this No. г section consisted of No. 2 
traction engine with its dynamo, two waggons, subsequently 
increased to four waggons, two projectors with their limbers, 
two cable carts, extra cable coiled on drums, sixteen arc 
lamps with suitable poles, hoisting gear and the necessary 
accessories, a supply of incandescent lamps with suitable 
fittings, fourteen sets of field telephones, a supply of insu- 
lated and bare copper wire telephone conductors coiled on 
reels which could be either carried on the bicycle or on 
special slings strapped to a man's chest in such a position 
that he could either pay out or wind up а conductor. 

The work at Vet River may be taken as typical of many 
other works at which it was necessary to work all night by 
artificial light. Тһе Railway Construction Corps К.Е. was 
engaged in constructing а main bridge across the river 
approached by long deviations from the main line ; in these 
were three smaller bridges. The lighting plant had there- 
fore to be erected at each of these bridges in turn. 

When the Vet River work was completed the section 
moved on to Smaldeel, апа there was joined. by me 
with a draft which had left Cape Town on the 4th of May. 
I brought with me a third traction engine with its dynamo, 
an additional supply of concentric cable, two additional 
5-ton waggons, stores, bicycles, %с., and then took over 
command of the Unit. 

As occasion arose, the whole of the Bloemfontein sec- 
tion with their stores was gradually moved up to join the 
headquarters of the Unit, leaving only a small detachment 
of six men under the command of Corporal Bicker Caarten, 
to work the temporary lighting plant at Bloemfontein. 
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Early in May Colonel Girouard required the services of 
additional railway telegraph men, and Captain Bain was 
detailed for this work and with a detachment of seven men 
Was sent on to repair the telegraph in. advance of Railhead. 
This was a service of great importance, entailing considerable 
personal risk and exposure. 

When the advance of Lord Roberts upon Bloemfontein | 
began, the Electrical Engineers were asked to repair the 
railway telegraphs, conjointly with the repair of the railway 
itself. Captain Bain's party did their work so expeditiously 
and well that they were never once overtaken by the first 


"Construction train throughout the whole of the Orange 


River Colony. The gaps in the wires were sometimes 
Several miles long, poles smashed and wires cut up, 
necessitating, іп most cases, entire reconstruction. The 
Work done by the Electrical Engineers was permanent, not 
temporary work. The poles were iron, twenty-two feet 
long, and the wire used was No. 8 wire. The party had to 
transport their baggage and rations themselves as well, and 
not the least of their officer’s trouble was getting the heavy 
poles and wire to the places required so that the work would 
never be delayed for a moment—and it never was delayed. 

It need be remembered that this party was working 
ahead of the first Construction train and had to depend 
upon bullock waggons and trolleys for transport. 

The detachment, on reaching Vaal River, finished their 
work So far as the Orange River Colony was concerned, by 
restoring the wires which the enemy had cut. Engineers 
will appreciate the work of getting No. 8 wire across a deep 
and Wide river without boats or proper appliances. (They 
found ап old boat with numerous holes in it but no oars, and 
utilised IL) Тһе river span of wire is over 300 yards wide. 

Besides restoring the telegraphs, a railway telephone 
system was established. This was necessary owing to the 
майса sufficient men to work the telegraph instruments. 
This telephone service was entirely carried out by the Elec- 
trical Engineers, In addition the elaborate Electric Block 
system was restored, and the Electric gong signal system. 

Б telegraphs onthe new railway between Johannesburg 
and the Orange River Colony were constructed by the 
Electrica] Engineers, and lastly, time after time, when most 
of the wires in the country had been systematically cut by 
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Early in May Colonel Girouard required the services of 
additional railway telegraph men, and Captain Bain was 
detailed for this work and with a detachment of seven men | 
was sent on to repair the telegraph in, advance of Railhead. 
This was a service of great importance, entailing considerable 
personal risk and exposure. 

When the advance of Lord Roberts upon Bloemfontein | 
began, the Electrical Engineers were asked to repair the 
railway telegraphs, conjointly with the repair of the railway 
itself. Captain Bain’s party did their work so expeditiously 
and well that they were never once overtaken by the first 
‘Construction train throughout the whole of the Orange 
River Colony. The gaps in the wires were sometimes 
several miles long, poles smashed and wires cut up, 
necessitating, in most cases, entire reconstruction. The 
work done by the Electrical Engineers was permanent, not 
temporary work. The poles were iron, twenty-two feet 
long, and the wire used was No. 8 wire. The party had to 
transport their baggage and rations themselves as well, and 
not the least of their officer’s trouble was getting. the heavy 
poles and wire to the places required so that the work would 
never be delayed for a moment—and it never was delayed. 

It need be remembered that this party was working 
ahead of the first Construction train and had to depend 
upon bullock waggons and trolleys for transport. 

The detachment, on reaching Vaal River, finished their 
work so far as the Orange River Colony was concerned, by 
restoring the wires which the enemy had cut. Engineers 
will appreciate the work of getting No. 8 wire across a deep 
and wide river without boats or proper appliances. (They 
found an old boat with numerous holes in it but no oars, and 
utilised it.) The river span of wire is over 300 yards wide. 

Besides restoring the telegraphs, a railway telephone 
system was established. This was necessary owing to the 
want of sufficient men to work the telegraph instruments. 
This telephone service was entirely carried out by the Elec- 
trical Engineers. In addition the elaborate Electric Block 
system was restored, and the Electric gong signal system. 

The telegraphs on the new railway between Johannesburg 
and the Orange River Colony were constructed by the 
Electrical Engineers, and lastly, time after time, when most 
of the wires in the country had been systematically cut by 
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the enemy, the Electrical Engineers restored the communi- 
cations so quickly that practically no delay occurred in 
transmission. 

We should also mention that the telegraph instruments 
found in the Transvaal were all of the “closed circuit” 
pattern (requiring the key to be lifted up instead of pressed 
down, as in the English pattern). The Electrical Engineers 
converted them to the open circuit—not an easy matter for 
men only provided with screwdrivers, knives and pliers of 
their belt equipments. 

Captain Bain, who was eventually assisted by Lieutenant 
O'Shaugnessy, remained at this work for several months and 
eventually was put in charge of the whole of the railway 
telegraphs іп the Transvaal under Captain Manifold, К.Е. 
Administrator of Railway Telegraphs, his detachment being 
strengthened from time to time by additions from this Unit, 
as well as from the Royal Engineers and other corps. 

The No. 1 section commenced lighting work at Zand 
River on the 18th of May, this work being of a very similar 
nature to that of the Vet River. It afterwards advanced with 
the Railhead Construction trains to the Rhenoster Spruit to 
assist the working party building a crib bridge at that point. 
Here a particularly smart piece of lighting work was carried 
out. Тһе orders were received at 2 p.m. The traction 
engine was off-loaded from its truck and hauled its waggons 
and stores down to Rhenoster Spruit three miles away, the 
light stores going down the damaged railway line on a 
trolley. Eight arc lamps were fixed on poles and light 
was furnished to the working party by nightfall, 5.30 p.m. 

The new and first reconstructed bridge at Rhenoster was 
completed on the 29th, and there being then nolarge work 
ahead requiring arc lights, the detachment went forward with 
the construction train and were employed principally on the 
actual work of building the crib piers, fixing the beams and 
laying the rails until the line was completed and railhead 
advanced to Taibosch. During this time the equipment 
was left behind at Roodeval in charge of Sergeant 
Phillips. 

During the next eight days the detachment had an 
exciting time, as the enemy under De Wet and Theron were 
threatening the line and reconstruction works. Тһе 
electrical engineers formed part of the reconstruction. day 
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shift, the working hours being generally from 6 a.m. to 
6 p.m., but sometimes up to 12 midnight, so that on these 
days the men were eighteen hours consecutively at work. 

From Rhenoster up to Taibosch the enemy at the advice 
of Theron had destroyed the line very completely, not only the 
larger bridges, but all the smaller culverts were blown up; in 
some places the rails for considerable distances were twisted 
and contorted by dynamite cartridges fired at every fish 
joint. 

On Wednesday, 6th of June, Taibosch Spruit was reached, 
and seeing that arc lights would again be required at this 
point and at the Vaal River, Captain Lloyd was sent back 
with two engines and a few trucks to bring forward the 
electric light equipment which had been left at Roodeval. 
His journey down the threatened line to Roodeval was a 
most exciting one. At Vredefort Weg he was called upon to 
arrest the Field Cornet Le Roux, who, although he had 
taken the oath of allegiance, had been observed signalling to 
the enemy. This train was expected to be attacked at any 
point south of this,and the utmost precautions had to be 
(акеп, As the water supply at Roodeval was known to be 
scanty he left one locomotive to fill up its tanks at Rhenoster 
and took one on to Roodeval. He there found that the 
small garrison had been threatened for days, and had been 
on harassing night duty during that time. 

. On his approach to Rhenoster Spruit he found that the 
line was blocked by some trucks which were being used, 
somewhat irregularly, for shifting tents and camp equip- 
ment required for a new camp. | 

Аз Captain Lloyd knew that De Wet was preparing to 
Cut the line to the north of Rhenoster this delay seemed 
likely to result in the Unit losing their electrical equipment. 
AS it was the line was only cleared in time to get the train 
away a few hours before De Wet commenced his attack on 
the Rhenoster Camp, which resulted in heavy losses and in 
the destruction of the new bridge, the water supply, and of 
the valuable ammunition and stores then at Roodeval. 

| he return journey northwards was of the most exciting 
жы The train was made up with some of the trucks in 
ae of the locomotive, so that in case of the leading truck 
eng derailed it could be thrown off more easily and thus 
less delay Caused than if the locomotive itself were derailed. 
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It was necessary to examine the track with lamps placed 
on the leading truck, and thus by lamp signalling back to 
the engine driver to control the running of the train. In 
this manner the train was worked back to Taibosch. 

At Vredefort Weg Captain Lloyd arrested and brought 
along with him the Field Cornet Le Roux. By the time 
Captun Lloyd passed Vredefort Weg De Wet had been 
successful in his attack at Rhenoster and cut both railway 
and telegraph wires, so that the construction trains were 
entirely cut off from the south. 

During the time that the arc lights were being used on 
the bridge at Taibosch on the nights of the 7th and 8th 
Lieutenant Pott succumbed to enteric fever. This was а 
great loss to the Unit, as this officer had himself designed a 
great portion of the arc lighting and projector plant, and 
the loss of his services greatly crippled the Unit. He had to 
be left at Viljeonsdrift, where he was nursed with extreme 
care by Dr. and Mrs. Dixon, Dr. Dixon being the medical 
officer to this section of the railway. 

Неге Sapper Weakey also fell Ш of enteric fever, probably 
brought on by the exposure at Roodeval. He lingered 
for some time, and eventually died at Viljeonsdrift on the 
27th. 

During the time that the Unit was at Taibosch Major 
Crompton, taking with. Вип Sergeant-Major Brown, К.Е, 
апа Companys Sergeant-Major Rorke, went south with the 
field telephones to attempt to make temporary communica- 
tion at the point where the telegraph lines had been cut by 
the Boers. Major Crompton returned to his command 
at Taibosch, leaving the two non-coms. with Lord 
Kitchener, who arrived at Kopjes on the 9th. They were 
able to establish communication with the south, and thus 
kept him in touch to north and south until the telegraph 
lines were again їп working order. 

Railhead reached the Vaal River on the roth of June, 
and at this point an installation of twelve lamps was erected, 
and on the 11th the first train crossed into the Transvaal 
and some supplies were sent to Lord Roberts at Pretoria. 

It may be here remarked that as during the advance ot 
railhead from Bethulie to the Vaal the arc lamps were 
worked on nineteen nights, it is probable that the period 
of reconstructing the line was shortened by nearly the same 
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number of days, but even if one night's work is only con- 
sidered to be equal to two-thirds of a day's work the night 
work rendered possible by the section must have hastened 
the advance of railhead by not less than twelve days, and 
the money value alone of this to the nation must have many 
times repaid the entire cost of equipping and Senne out 
the Electrical Engineers. 

After one night’s lighting at the Vaal the very thorough 
destruction of the line to the south by De Wet necessitated 
the sending south for a second time both construction 
trains; the Unit accompanied them, leaving the lighting 
ecu at Viljeonsdrift under Sergeant Brown. 

The construction trains working south were constantly 
threatened by De Wet, and on the night of the 14th of June 
both trains were attacked by him, and were summoned to 
surrender. | 

As this was the first occasion on which the Electrical 
Engineers were under fire, perhaps I may be permitted to 
describe the attack at some length :— 

Very early in the morning of the 14th of June the night 
working party, which consisted chiefly of Royal Engineers 
and volunteer Royal Engineers, none of them being 
Electrical Engineers, were at work rebuilding the crib piers 
of the recently constructed bridge at Leuwspruit ; at this 
time one of the construction trains was drawn up close to 
the working party, who were at the break in the line, the 
other train being about half a mile to the north on its way 
to shunt empty trucks on a siding a mile further north. 

The first trouble noticed was the derailing of the leading 
truck of the northern train. This was caused by a stone 
having been wedged by the Boers between the main and 
the guard rails. Ав soon as the train was pulled up it was 
fired on by an attacking party which apparently surrounded 
it. The troops on the train promptly replied, and with good 
effect, as the Boers drew off after half an hour's firing and 
concentrated their attack on the other party at the Spruit, 
but during this sharp attack the vans and coaches of the 
northern train were riddled by bullets, and those sleeping 
in them had narrow escapes. The attack coming at first 
from the south side, the engine driver started to move the 
engine northwards. The Boers then made a rush on the 
unarmed working. party, who, with one officer and sixty 
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men were taken prisoners ; the remainder, however, escaped, 
but could not rejoin the party defending the trains. 

The Electrical Engineers had formed the day-working 
party, and having been many hours at work, and conse- 
quently very tired, were sound asleep. Those of them who 
were sleeping outside the trucks, close to the working party, 
were captured by the Boers before they were able to regain 
the train. At this time the Boers’ firing was very heavy, and 
three officers, i.c, Lieutenant Micklem, R.E., Lieutenant 
Bigge, E. E., and Lieutenant Holmes, of the Royal Irish, were 
seriously wounded. Three sappers were killed, the engine 
driver and a number of others seriously wounded, and of the 
native workmen about thirty were killed or wounded. Atthis 
time De Wet sent in a messenger summoning the train to 
surrender as the Boers were greatly superior in force and 
had guns. No attention was paid to the message, and the 
remaining troops, who were then under the command of 
the officers of the Electrical Engineers, took up a position 
on a ridge of rocks which ran transversely to the train, from 
which the train could be protected without the men being 
exposed. This position was held for several hours—in fact, 
up to daybreak—the firing of the Boers being continuous 
and severe. On the other hand, the position we occupied 
was so strong that the Boers were unable to approach 
the train, and soon after daybreak they withdrew from the 
attack. 

Towards the latter part of the time the Boers were much 
disconcerted by the shrapnel which was fired over them by 
two guns placed by Lord Kitchener in a position to the 
south. 

The night was intensely cold and trving to every one; 
the whole of the defending party were asleep in the trucks 
when the attack commenced. Although taken at such a 
serious disadvantage, every man on the train, without dis- 
tinction, behaved as coolly and quietly as if there were no 
enemy present. 

It was a difficult matter even for old and trained soldiers 
to free themselves from the crowd of Basutos who formed the 
native working party, and who cleared out from the train а! 
the commencement of the firing, but, in spite of this, there 
was no confusion ; ammunition was quietly served out, and 
our men got into such strong positions that it was impossible 
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for the Boers to make their attack successful. Every one be- 
haved so well that it is difficult to single out any one present 
for special praise. Although the Electrical Engineers en- 
gaged on this occasion were comparatively a small party, yet, 
owing to so many of the night-working party having been 
surprised and dispersed in the first instance, they formed 
nearly one-third of the troops left to defend the trains. И 
De Wet had been successful in catching and destroying these 
two trains, which contained so much construction material 
and all the tools, as well as the most skilled body of recon- 
struction officers, the break in the line of communications 
would have remained open for a long period, and certainly 
would have seriously affected the future movements of the 
more advanced portion of the Army then in the Transvaal. 

This attack caused the Electrical Engineers to tem- 
porarily lose the services of one officer wounded, and 
Corporal Sellon and six Sappers taken prisoners. The 
remainder went south with the construction trains to 
Rhenoster, and assisted in the building of this important 
bridge. Whilst there, orders were received from Army 
Headquarters, that the whole of the Electrical Engineers 
should come up to Pretoria at once. They started on the 
20th, leaving Lieutenant O'Shaughnessy to complete a 
system of telephones connecting Rhenoster Camp, Leuw- 
spruit, Roodeval, and other points which had been recently 
threatened or attacked by De Wet. After carrying out this 
work he joined the headquarters at Pretoria on the 26th ot 
June. 

After arriving at Pretoria, the Engineer-in-Chief found 
quantities of electrical work for the corps, as all the forts 
which defend the town had been fitted up with various 
electrical apparatus, not only for electric lighting but there 
were signal signalling, telephone and other wires, which 
required to be sorted, labelled, and their uses understood. 

The oil engines which supplied the motive power for 
driving the dynamos had purposely been damaged by the 
Boers, and had to be repaired and set to work. Тһе small 
and inefficient searchlights which had been used by the 
Boers were replaced by a system of incandescent lamps 
placed so as to illuminate certain points which were liable 
to be threatened by the enemy during night attacks. 

This work at the forts, which was of a very interesting 
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nature, was followed by teaching the garrisons how to use 
and maintain the electrical apparatus in working order. 

Other parties of our men were employed in fitting up 
electrical lighting in various public buildings which served 
as supply stores, and in the large hospitals which were then 
being started, inside and outside Pretoria. In some cases 
these new installations were worked from the public supply 
of the town, in other cases separate generating machinery, 
i.c., steam engines, dynamos, and systems of conductors had 
to be put down for each job. Тһе plant for this was made 
up from material found at or near Pretoria, most of which 
was in a damaged condition and had to be almost re-made 
before it could be usefully employed. 

During this time, as the whole of the Rand district 
surrounding Johannesburg is supplied with electric light 
and power partly from a distant generating centre at Brak 
Pan, the Military Governor of Johannesburg asked for and 
obtained the services of Captain Leaf as his electrical 
adviser, and from time to time various works were super- 
vised by him and by other officers of the Corps, so that the 
electrical plant of Johannesburg and district was gradually 
got into order. 

It will be interesting to those who have read Rider 
Haggard's novel, “ Jess," to know that the camp at Pretoria 
was close to the site of Jess's cottage. 

Its position. was well chosen; a stream of water was 
handy for washing out the engines and it was close to 
the railway and railway workshops. Thus, it was in a 
most convenient position for repairing the various pieces of 
apparatus that they were installing in the forts and public 
buildings. Amongst others, the Government Printing Works 
of Pretoria, worked by their own electric generating plant 
transmitting power to motors driving each set of printing 
machinery, was put in order and worked by the Electrical 
Engineers. 

Early in July, Electrical Engineers were several times 
called upon to extricate an engine which it was proposed 
to use to haul 12-іоп 6-in. quick-firing guns to various 
positions near Pretoria. This engine and a gun were hauled 
out of a drift almost in the middle of Pretoria, into which it 
had sunk in the course of an experimental run. 

A few days later, after the driver of this engine had placed 
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the gun in position near Deerdepoort, he took his engine 
down to a spruit in order to fill up his water tanks, but 
approached too closely to the soft ground, so that the engine 
turned over on its side and could not be got out until we 
were sent for. 

Great praise is due to Captain Lloyd and Captain Leaf 
and the detachment engaged on this work, which was 
carried on throughout the night. Тһе way in which the 
Electrical Engineers handled the engines and gun made it 
evident to the officer commanding the artillery that the 
Electrical Engineers were so capable, that he placed the 
engine and the two guns in their charge, and the subsequent 
work of placing these, the heaviest guns ever taken into 
the field, was carried out by the officers and men belonging 
to the Corps. 

On the 24th of July, а 6-in. quick-firing gun, weighing 
with its carriage 123 tons, was hauled to the top of Quagga 
Kop, seven miles to the west of Pretoria, and 1,300 feet 
above it; the average slope up which the gun was hauled 
Was I in IO, but there were point parts of it which were 
steeper. б 

Оп the rst of August a similar gun was hauled up а 
slope averaging 1 in 6, and in some places тїп 5, to а 
redoubt on the top of this hill, about five miles east of the 
town. А few days later two large traction engines 
belonging to the Director of Steam Transport were put 
under our charge, under the officers of the Electrical 
Engineers, and with these and the other three engines, 
making five traction engines, a regular daily service was 
organised, and stores of every description were transported 
to various points, chiefly to the westward of Pretoria, the 
longest run being to Commando Nek, twenty-six miles 
distant, where а depót was formed for flying columns. 
The service on this road lasted for many weeks, in fact, up 
to the time the Corps started for England, and was carried 
out without any mishap or loss, although during the whole 
of the time the line was threatened by the Boers, and we 
were informed that sniping frequently went on, but as far 
ав we were concerned no one was hit. A new system of 
escorts was adopted ; sufficient men to form two or more 
escorts being put under the command of the officers of the 
Corps and encamped with us. 
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Pioneer Regiment to replace the original railway bridge 
which had been destroyed by the Boers. 

At first six arc lamps were found sufficient, апа these 
were erected and worked nightly from one of the dynamos 
mounted on its traction engine at the river-bank. Ав soon 
as the low-level railway bridge was completed the installation 
on the road bridge was dismantled and transferred to the 
new bridge, the approaches to which, being tortuous and 
having steep gradients, had to be worked by the engine 
drivers with the greatest caution, so that for some days the 
arc lights were used to light these approaches. 

The first time the field telephones were put to work was 
at this place. A line was laid across the bridge for the use 
of the railway, and a good telephone service established. 

During the time that the corps was at Bethulie Sergeant- 
Major Brown, R.E., and Sapper Phillips, E.E., were sent 
out with part of the telephone equipment to accompany a 
flying column which left Bethulie on May 2nd to join 
General Hart, who was then moving south from Smithheld. 

As the telegraph line between Bethulie and Smithfield had 

been destroyed the new field telephones were brought into 
use to maintain communication with the flying column, and 
this was kept up without any failure during the time the 
column advanced until it met General Hart. General Hart 
was thus enabled to be put into communication with Lord 
Roberts vid Bethulie, temporary communication being made 
between General Hart's camp, one and half miles from the 
telegraph line, by bare copper wire No. 22 gauge laid on the 
ground from the bicycle reels supported by a special belt 
to the body. 

On the 6th of May the Unit arrived at Bloemfontein and 
was split up into two sections, one going on direct to Rail- 
head, which was then at Vet River, the other section remain- 
ing at Bloemíontein to carry out the electric lighting of the 
goods yard and locomotive shops. At this point an instal- 
lation of arc and incandescent lamps was erected and 
worked by No. 1 engine and dynamo, and has been running 
ever since, the installation being gradually increased in size 
until there are now sixteen arc lamps and a large number 
of incandescent lamps installed. It must be noted that it 
is somewhat of a feat to carry out a temporary job of 
railway lighting of this kind, and to work it continuously 
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Pioneer Regiment to replace the original railway bridge 
which had been destroyed by the Boers. 

At first six arc lamps were found sufficient, and. these 
were erected and worked nightly from one of the dynamos 
mounted on its traction engine at the river-bank. Ав soon 
as the low-level railway bridge was completed the installation 
on the road bridge was dismantled and transferred to the 
new bridge, the approaches to which, being tortuous and 
having steep gradients, had to be worked by the engine 
drivers with the greatest caution, so that for some days the 
arc lights were used to light these approaches. 

Тһе first time the field telephones were put to work was 
at this place. A line was laid across the bridge for the use 
of the railway, and a good telephone service established. 

During the time that the corps was at Bethulie Sergeant- 
Major Brown, R.E., and Sapper Phillips, E.E., were sent 
out with. part of the telephone equipment to accompany a 
fling column which left Bethulie on May 2nd to join 
General Hart, who was then moving south from Smithfield. 

As the telegraph line between Bethulie and Smithfield had 
been destroyed the new field telephones were brought into 
use to maintain communication with the flying column, and 
this was kept up without any failure during the time the 
column advanced until it met General Hart. General Hart 
was thus enabled to be put into communication with Lord 

Roberts vid Bethulie, temporary communication being made 
between General Hart's camp, one and half miles from the 
telegraph line, by bare copper wire No. 22 gauge laid on the 
ground from the bicycle reels supported by a special belt 
to the body. 

On the 6th of May the Unit arrived at Bloemfontein and 
was split up into two sections, one going on direct to Rail- 
head, which was then at Vet River, the other section remain- 
ing at Bloemfontein to carry out the electric lighting of the 

goods yard and locomotive shops. At this point an instal- 
lation of arc and incandescent lamps was erected and 
worked by No. 1 engine and dynamo, and has been running 
ever since, the installation being gradually increased in size 
until there are now sixteen arc lamps and a large number 
of incandescent lamps installed. It must be noted that it 
is somewhat of a feat to carry out a temporary job of 
railway lighting of this kind, and to work it continuously 
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. without any failure or interruption from May to December 
(7.е., up to the date of writing), using only one engine with 
no spare plant, and the credit of this excellent service must 
be mainly given to the small detachment that was left at 
Bloemfontein under command of Corporal Bicker Caarten, 
to whom has since been entrusted the design for a permanent 
installation to replace this temporary plant. 

The advance section at Vet River joined the reconstruc- 
tion trains and remained with them during the months of 
Мау and June—iz.e, until the work of reconstructing the 
railway was completed through the Orange Free State up to 
the Vaal River. 

The equipment of this No. 1 section consisted of No. 2 
traction engine with its dynamo, two waggons, subsequently 
increased to four waggons, two projectors with their limbers, 
two cable carts, extra cable coiled on drums, sixteen arc 
lamps with suitable poles, hoisting gear and the necessary 
accessories, a supply of incandescent lamps with suitable 
fittings, fourteen sets of field telephones, a supply of insu- 
lated and bare copper wire telephone conductors coiled on 
reels which could be either carried on the bicycle or on 
special slings strapped to a man's chest in such a position 
that he could either pay out or wind up a conductor. 

The work at Vet River may be taken as typical of many 
other works at which it was necessary to work all night by 
artificial light. The Railway Construction Corps R.E. was 
engaged in constructing a main bridge across the river 
approached by long deviations from the main line ; in these 
were three smaller bridges. The lighting plant had there- 
fore to be erected at each of these bridges in turn. 

When the Vet River work was completed the section 
moved on to Smaldeel, and there was joined by me 
with a draft which had left Cape Town on the 4th of May. 
I brought with. me a third traction engine with its dynamo, 
an additional supply of concentric cable, two additional 
5-ton waggons, stores, bicycles, &c., and then took over 
command of the Unit. 

As occasion arose, the whole of the Bloemfontein sec- 
tion with their stores was gradually moved up to join the 
headquarters of the Unit, leaving only a small detachment 
of six men under the command of Corporal Bicker Caarten, 
to work the temporary lighting plant at Bloemfontein. 


Fic, 3.—Destroyed Bridge (Zand River) as left by Boers. 


Fi, 4. 


—Rhenoster Bridge, showing Girder down, and Arc-lighting. 
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without any failure or interruption from May to December 
(i.e., up to the date of writing), using only one engine with 
no spare plant, and the credit of this excellent service must 
be mainly given to the small detachment that was left at 
Bloemfontein under command of Corporal Bicker Caarten, 
to whom has since been entrusted the design for a permanent 
installation to replace this temporary plant. 

The advance section at Vet River joined the reconstruc- 
tion trains and remained with them during the months of 
Мау and June—z.e, until the work of reconstructing the 
railway was completed through the Orange Free State up to 
the Vaal River. 

The equipment of this No. 1 section consisted of No. 2 
traction engine with its dynamo, two waggons, subsequently 
increased to four waggons, two projectors with their limbers, 
two cable carts, extra cable coiled on drums, sixteen arc 
lamps with suitable poles, hoisting gear and the necessary 
accessories, a supply of incandescent lamps with suitable 
fittings, fourteen sets of field telephones, a supply of insu- 
lated and bare copper wire telephone conductors coiled on 
reels which could be either carried on the bicycle or on 
special slings strapped to a man's chest in such a position 
that he could either pay out or wind up a conductor. 

The work at Vet River may be taken as typical of many 
other works at which it was necessary to work all night by 
artificial light. Тһе Railway Construction Corps К.Е. was 
engaged in constructing a main bridge across the river 
approached by long deviations from the main line ; in these 
were three smaller bridges. Тһе lighting plant had there- 
fore to be erected at each of these bridges in turn. 

When the Vet River work was completed the section 
moved on to Smaldeel, and there was joined by me 
with a draft which had left Cape Town on the 4th of May. 
I brought with me a third traction engine with its dynamo, 
an additional supply of concentric cable, two additional 
5-ton waggons, stores, bicycles, %с., and then took over 
command of the Unit. 

Аз occasion arose, the whole of the Bloemfontein sec- 
tion with their stores was gradually moved up to join the 
headquarters of the Unit, leaving only a small detachment 
of six men under the command of Corporal Bicker Caarten, 
to work the temporary lighting plant at Bloemfontein. 
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Fic, 5.—Sergeant Phillips levelling Timber Beams. 
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Farly in May Colonel Girouard required the services of 
additional railway telegraph men, and Captain Bain was 
detailed for this work апа with a detachment of seven men 
was sent on to repair the telegraph іп, advance of Railhead. 
This was a service of great importance, entailing considerable 
personal risk and exposure. 

When the advance of Lord Roberts upon Bloemfontein | 
began, the Electrical Engineers were asked to repair the 
railway telegraphs, conjointly with the repair of the railway 
itself. Captain Bain’s party did their work so expeditiously 
and well that they were never once overtaken by the first 
Construction train throughout the whole of the Orange 
River Colony. The gaps in the wires were sometimes 
several miles long, poles smashed and wires cut up, 
necessitating, in most cases, entire reconstruction. The 
work done by the Electrical Engineers was permanent, not 
temporary work, The poles were iron, twenty-two feet 
long, and the wire used was No. 8 wire. The party had to 
transport their baggage and rations themselves as well, and 
Dot the least of their officer's trouble was getting the heavy 
Poles and wire to the places required so that the work would 
never be delayed for a moment—and it never was delayed. 

t Deed be remembered that this party was working 
ahead of the first Construction train and had to depend 
upon bullock waggons and trolleys for transport. 
he detachment, on reaching Vaal River, finished their 
work so far as the Orange River Colony was concerned, by 
restoring the wires which the enemy had cut. Engineers 
will арргесізіе the work of getting No. 8 wire across a deep 
and wide river without boats or proper appliances. (They 
ne ап old boat with numerous holes in it but no oars, and 
u Шзеф №.) Тһе river span of wire is over 300 yards wide. 
S uus restoring the telegraphs, a railway telephone 
2 д established. This was necessary owing to the 
This қы Suticient men to work the telegraph instruments. 
trical p Phone service was entirely carried out by the Elec- 
System "Bineers In addition the elaborate Electric Block 
“as restored, and the Electric gong signal system. 
and 1 telegraphs on the new railway between Johannesburg 
Ele Orange River Colony were constructed by the 
ctrica Engineers, and lastly, time after time, when most 


of the wires іп the country had been systematically cut by 
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5. 


FIG. 


= м ар - > T ъ= >= FL 
= aa s.l = -— " ет, X 
Ек — «ғ. гэг б гі жы ^R we == Е = = > — 
= n — ті 4. T ұз A 5 
— M ИРАЦА nem t a е-е» P - vet "t j! 22 E ғ... 
——————— M Mani e atit al Y » u$ d meom rem У »-— m 
. = ah - - m = = —* —M i: М — Е ---- 


ч = т t 


рс: Д Apo Асе tma m ; Se - }—_—— 
| we очи 


1900.) IN SOUTH AFRICA. 289 


Early in May Colonel Girouard required the services of 
additional railway telegraph men, and Captain Bain was 
detailed for this work апа with a detachment of seven men 
Was sent on to repair the telegraph in. advance of Railhead. 
This was a service of great importance, entailing considerable 
personal risk and exposure. 

When the advance of Lord Roberts upon Bloemfontein | 
began, the Electrical Engineers were asked to repair the 
railway telegraphs, conjointly with the repair of the railway 
itself. Captain Bain’s party did their work so expeditiously 
and well that they were never once overtaken by the first 
Construction train throughout the whole of the Orange 
River Colony. The gaps in the wires were sometimes 
several miles long, poles smashed and wires cut up, 
necessitating, in most cases, entire reconstruction. The 
Work done by the Electrical Engineers was permanent, not 
temporary Work. The poles were iron, twenty-two feet 
long, and the wire used was No. 8 wire. The party had to 
transport their baggage and rations themselves as well, and 
not the least of their officer's trouble was getting the heavy 
Poles and wire to the places required so that the work would 
never be delayed for a moment—and it never was delayed. 

t need be remembered that this party was working 
ahead of the first Construction train and had to depend 
upon bullock waggons and trolleys for transport. 

The detachment, on reaching Vaal River, finished their 
— 30 far as the Orange River Colony was concerned, by 
restoring the wires which the enemy had cut. Engineers 
will appreciate the work of getting No. 8 wire across a deep 
н bis river without boats or proper appliances. (They 
icf. АП Old boat with numerous holes in it but no oars, and 

"Bed it) The river span of wire is over 300 yards wide. 
n restoring the telegraphs, а railway telephone 
ооа Ме established. This was necessary owing to the 
This * Sufficient men to work the telegraph instruments. 
trical p Phone service was entirely carried out by the Elec- 
system "Bineers, In addition the elaborate Electric Block 

Was restored, and the Electric gong signal system. 
and " telegraphs onthe new railway between Johannesburg 
Blectric Orange River Colony were constructed by the 
of th pin Engineers, and lastly, time after time, when most 

* WITes in the country had been systematically cut by 
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the enemy, the Electrical Engineers restored the communi- 
cations so quickly that practically no delay occurred in 
transmission. 

We should also mention that the telegraph instruments 
found in the Transvaal were all of the “closed circuit” 
pattern (requiring the key to be lifted up instead of pressed 
down, as in the English pattern). The Electrical Engineers 
converted them to the open circuit—not an easy matter for 
men only provided with screwdrivers, knives and pliers of 
their belt equipments. 

Captain Bain, who was eventually assisted by Lieutenant 
O'Shaugnessy, remained at this work for several months and 
eventually was put in charge of the whole of the railway 
telegraphs in the Transvaal under Captain Manifold, R.E., 
Administrator of Railway Telegraphs, his detachment being 
strengthened from time to time by additions from this Unit, 
as well as from the Royal Engineers and other corps. 

The No. т section commenced lighting work at Zand 
River on the 18th of May, this work being of a very similar 
nature to that of the Vet River. It afterwards advanced with 
the Railhead Construction trains to the Rhenoster Spruit to 
assist the working party building a crib bridge at that point. 
Here a particularly smart piece of lighting work was carried 
out. The orders were received at 2 p.m. The traction 
engine was off-loaded from its truck and hauled its waggons 
and stores down to Rhenoster Spruit three miles away, the 
light stores going down the damaged railway line on a 
trolley. Eight arc lamps were fixed on poles and light 
was furnished to the working party by nightfall, 5.30 p.m. 

The new and frst reconstructed bridge at Rhenoster was 
completed on the 29th, and there being then no large work 
ahead requiring arc lights, the detachment went forward with 
the construction train and were employed principally on the 
actual work of building the crib piers, fixing the beams and 
laying the rails until the line was completed and railhead 
advanced to Taibosch. During this time the equipment 
was left behind at Roodeval in charge of Sergeant 
Phillips. 

During the next eight days the detachment had an 
exciting time, as the enemy under De Wet and Theron were 
threatening the line апа reconstruction works. Тһе 
electrical engineers formed part of the reconstruction day 


1900.) IN SOUTH AFRICA. 291 


shift, the working hours being generally from 6 a.m. to 
6 p.m., but sometimes up to 12 midnight, so that on these 
days the men were eighteen hours consecutively at work. 

From Rhenoster up to Taibosch the enemy at the advice 
of Theron had destroyed the line very completely, not only the 
larger bridges, but all the smaller culverts were blown up; in 
some places the rails for considerable distances were twisted 
and contorted by dynamite cartridges fired at every fish 
joint. 

On Wednesday, 6th of June, Taibosch Spruit was reached, 
and seeing that arc lights would again be required at this 
point and at the Vaal River, Captain Lloyd was sent back 
with two engines and a few trucks to bring forward the 
electric light equipment which had been left at Roodeval. 
His Journey down the threatened line to Roodeval was a 
most exciting one, At Vredefort Weg he was called upon to 
arrest the Field Cornet Le Roux, who, although he had 
taken the oath of allegiance, had been observed signalling to 
the enemy. This train was expected to be attacked at any 
point south of this, and the utmost precautions had to be 
taken. Аз the water supply at Roodeval was known to be 
хату he left one locomotive to fill up its tanks at Rhenoster 
and took one on to Roodeval. He there found that the 
‘mall garrison had been threatened for days, and had been 
on harassing night duty during that time. 
| te арргоасһ to Rhenoster Spruit he found that the 
ie was blocked by some trucks which were being used, 
"Omewhat irregularly, for shifting tents and camp equip- 


T required Юг a new camp. 

cut e tain Lloyd knew that De Wet was preparing to 

kel line to the north of Rhenoster this delay seemed 
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As it шыл N the Unit losing their electrical equipment. 
away a few € line was only cleared in time to get the train 
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the destru Fa camp, which resulted in heavy losses and 4 
the val Suon of the new bridge, the water supply, and о 
| uable ammunition and stores then at Roodeval. 
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front a th s train was made up with some of the ис m 
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the enemv, the Electrical Engineers restored the communi- 
cations so quickly that practically no delay occurred in 
transmission. 

We should also mention that the telegraph instruments 
found in the Transvaal were all of the “closed circuit” 
pattern (requiring the key to be lifted up instead of pressed 
down, as in the English pattern). The Electrical Engineers 
converted them to the open circuit—not an easy matter for 
men only provided with screwdrivers, knives and pliers of 
their belt equipments. 

Captain Bain, who was eventually assisted by Lieutenant 
O'Shaugnessy, remained at this work for several months and 
eventually was put in charge of the whole of the railway 
telegraphs in the Transvaal under Captain Manifold, К.Е, 
Administrator of Railway Telegraphs, his detachment being 
strengthened from time to time by additions from this Unit, 
as well as from the Royal Engineers and other corps. 

The No. і section commenced lighting work at Zand 
River on the 18th of May, this work being of a very similar 
nature to that of the Vet River. It afterwards advanced with 
the Railhead Construction trains to the Rhenoster Spruit to 
assist the working party building a crib bridge at that point. 
Here a particularly smart piece of lighting work was carried 
out. Тһе orders were received at 2 p.m. Тһе traction 
engine was off-loaded from its truck and hauled its waggons 
and stores down to Rhenoster Spruit three miles away, the 
light stores going down the damaged railway line on a 
trolley. Eight arc lamps were fixed on poles and light 
was furnished to the working party by nightfall, 5.30 p.m. 

The new and frst reconstructed bridge at Rhenoster was 
completed on the 29th, and there being then no large work 
ahead requiring arc lights, the detachment went forward with 
the construction train and were employed principally on the 
actual work of building the crib piers, fixing the beams and 
laying the rails until the line was completed and railhead 
advanced to Taibosch. During this time the equipment 
was left behind at Roodeval in charge of Sergeant 
Phillips. 

During the next eight days the detachment had an 
exciting time, as the enemy under De Wet and Theron were 
threatening the line and reconstruction works. The 
electrical engineers formed part of the reconstruction day 
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shift, the working hours being generally from 6 a.m. to 
6 p.m., but sometimes up to 12 midnight, so that on these 
days the men were eighteen hours consecutively at work. 
From Rhenoster up to Taibosch the enemy at the advice 
of Theron had destroyed the line very completely, not only the 
larger bridges, but all the smaller culverts were blown up; in 
Meg places the rails for considerable distances were twisted 
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It was necessary to examine the track with lamps placed 
on the leading truck, and thus by lamp signalling back to 
the engine driver to control the running of the train. In 
this manner the train was worked back to Taibosch. 

At Vredefort Weg Captain Lloyd arrested and brought 
along with him the Field Cornet Le Roux. Ву the time 
Captain Lloyd passed Vredefort Weg De Wet had been 
successful in his attack at Rhenoster and cut both railway 
and telegraph wires, so that the construction trains were 
entirely cut off from the south. | 

During the time that the arc lights were being used on 
the bridge at Taibosch on the nights of the 7th and 8th 
Lieutenant Pott succumbed to enteric fever. This was a 
great loss to the Unit, as this officer had himself designed a 
great portion of the arc lighting and projector plant, and 
the loss of his services greatly crippled the Unit. He had to 
be left at Viljeonsdrift, where he was nursed with extreme 
care by Dr. and Mrs. Dixon, Dr. Dixon being the medical 
officer to this section of the railway. 

Here Sapper Weakey also fell ill of enteric fever, probably 
brought on by the exposure at Roodeval. Не lingered 
for some time, and eventually died at Viljeonsdrift on the 
27th. 

During the time that the Unit was at Taibosch Major 
Crompton, taking with him Sergeant-Major Brown, К.Е, 
and Companys Sergeant-Major Rorke, went south with the 
field telephones to attempt to make temporary communica- 
tion at the point where the telegraph lines had been cut by 
the Boers. Major Crompton returned to his command 
at Taibosch, leaving the two non-coms. with Lord 
Kitchener, who arrived at Kopjes on the 9th. They were 
able to establish communication with the south, and thus 
kept him in touch to north and south until the telegraph 
lines were again in working order. 

Railhead reached the Vaal River on the roth of June, 
and at this point an installation of twelve lamps was erected, 
and on the rith the first train crossed into the Transvaal 
and some supplies were sent to Lord Roberts at Pretoria. 

It may be here remarked that as during the advance of 
railhead from Bethulie to the Vaal the arc lamps were 
worked on nineteen nights, it is probable that the period 
of reconstructing the line was shortened by nearly the same 
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ne night's work 15 only con- 
sidered to be equal to two-thirds of a day's work the night 
work rendered possible by the section must have hastened 
the advance of railhead by not less than twelve days, and 
the money value alone of this to the nation must have many 
times repaid the entire cost of equipping and sending out 
the Electrical Engineers. 

After one night’s light 


number of days, but even if o 


ing at the Vaal the very thorough 


destruction of the line to the south by De Wet necessitated 
the sending south for a second time both construction 
trains the Unit accompanied them, leaving the lighting 
equipment at Viljeonsdrift under Sergeant Brown. 

The construction trains working south were constantly 
threatened by De Wet, and on the night of the 14th of June 
both trains were attacked by him, and were summoned to 
surrender. | 
Ss this was the first occasion 0 
: gineers were under fire, perhaps 1 may be 
escribe the attack at some length :— 

51 early in the morning of the rath of June the night 
d кн which consisted chiefly of Royal Engineers 
4. Royal Engineers none of them being 
of the : ngineers, were 24 work rebuilding the crib piers 
ie Miu constructed bridge at Leuwspruit ; at this 
the з the construction trains was drawn up close to 
om. 2. party, who were at the break in the ‘line, the 
lo shunt e eing about half a mile to the north on its way 
The о trucks on а siding a mile further north. | 

truck of a trouble noticed was the derailing of the leading 
having dou northern train. This was caused by а stone 
the guard п. wedged by the Воегз between the main and 
fired o ses As soon as the train wae pulled up И was 
it. The т n attacking party which apparently surrounde 
effect ps on the train promptly replied, and with good 
сопсе as the Boers drew off after half an hour's firin 
ncentrated thei 
but during thi eir attack on the other party at the Spruit, 
northern 3 v sharp attack the vans and coa t 
in them ed were riddled by bullets, and those sleeping 
from the 50 no escapes. The attack coming at first 
engine 4. side, the engine driver started t 
Unarmed wards. The Boers then made а rush on the 
working. party, who, with one officer and sixty 
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men were taken prisoners ; the remainder, however, escaped, 
but could not rejoin the party defending the trains. 

The Electrical Engineers had formed the day-working 
party, and having been many hours at work, and conse- 
quently very tired, were sound asleep. Those of them who 
were sleeping outside the trucks, close to tbe working party, 
were captured by the Boers before they were able to regain 
the train. At this time the Boers' firing was very heavy, and 
three officers, i.c, Lieutenant Micklem, R.E., Lieutenant 
Bigge, E.E., and Lieutenant Holmes, of the Royal Irish, were 
seriously wounded. Three sappers were killed, the engine 
driver and a number of others seriously wounded, and of the 
native workmen about thirty were killed or wounded. Atthis 
time De Wet sent in a messenger summoning the train to 
surrender as the Boers were greatly superior in force and 
had guns. Мо attention was paid to the message, and the 
remaining troops, who were then under the command of 
the officers of the Electrical Engineers, took up a position 
on a ridge of rocks which ran transversely to the train, from 
which the train could be protected without the men being 
exposed. This position was held for several hours—in fact, 
up to daybreak—the firing of the Boers being continuous 
and severe. On the other hand, the position we occupied 
was so strong that the Boers were unable to approach 
the train, and soon after daybreak they withdrew from the 
attack. 

Towards the latter part of the time the Boers were much 
disconcerted by the shrapnel which was fired over them by 
two guns placed by Lord Kitchener in a position to the 
south. 

The night was intensely cold and trving to every one; 
the whole of the defending party were asleep in the trucks 
when the attack commenced. Although taken at such а 
serious disadvantage, every man on the train, without dis- 
tinction, behaved as coolly and quietly as if there were no 
enemy present. 

It was a difficult matter even for old and trained soldiers 
to free themselves from the crowd of Basutos who formed the 
native working party, and who cleared out from the {гап ac 
the commencement of the firing, but, in spite of this, there 
was no confusion ; ammunition was quietly served out, and 
our men got into such strong positions that it was impossible 
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for the Boers to make their attack successful. Every one be- 
haved so well that it is difficult to single out any one present 
for special praise. Although the Electrical Engineers en- 
gaged on this occasion were comparatively a small party, yet, 
owing to so many of the night-working party having been 
surprised and dispersed in the first instance, they formed 
nearly one-third of the troops left to defend the trains. И 
De Wet had been successful in catching and destroying these 
two trains, which contained so much construction material 
and all the tools, as well as the most skilled body of recon- 
struction officers, the break in the line of communications 
Would have remained open for a long period, and certainly 
would have seriously affected the future movements of the 
more advanced portion of the Army then in the Transvaal. 
This attack caused the Electrical Engineers to tem- 
ae the services of one officer wounded, and 
E rd Sellon and six Sappers taken prisoners, The 
Rhesus went south with the construction trains to 
bridge E assisted in the building of this important 
3 E ist there, orders were received from Army 
Do is ers, that the whole of the Electrical Engineers 
sath een up to Pretoria at once. They started on the 
бүз | Lieutenant O'Shaughnessy to complete a 
spruit Rood, €phones connecting Rhenoster Camp, Leuw- 
threate e €val, and other points which had been recently 
Work he nol attacked by De Wet. After carrying out this 
li Joined the headquarters at Pretoria on the 26th of 
iue мы at Pretoria, the Engineer-in-Chief found 
Which deua S eal work for the corps, as all the forts 
electrical а the town had been fitted up with various 
Were 12 atus, not only for electric lighting but there 
required to Епа, telephone and other wires, which 
м М sorted, labelled, and their uses understood. 
riving the FL which supplied the motive power for 
oers, and h 2. had purposely been damaged by the 
and inefficient » be repaired and set to work. Тһе small 
oers Were re Е. which had been used by the 
Placed so as a d y a system of incandescent lamps 
to be threatened Wom certain points which were liable 
his work ay the enemy during night attacks. | 
"x at the forts, which was of a very interesting 
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for the Boers to make their attack successful. Every one be- 
haved so well that it is difficult to single out any one present 
for special praise. Although the Electrical Engineers en- 
gaged on this occasion were comparatively a small party, yet, 
owing to so many of the night-working party having been 
surprised and dispersed in the first instance, they formed 
nearly one-third of the troops left to defend the trains. И 
De Wet had been successful in catching and destroving these 
two trains, which contained so much construction material 
and all the tools, as well as the most skilled body of recon- 
struction officers, the break in the line of communications 
would have re mained open for a long period, and certainly 
would have seriously affected the future movements of the 
more advanced portion of the Army then in the Transvaal. 

This attack caused the Electrical Engineers {о tem- 
porarily lose the services of one officer wounded, and 
Corporal Sellon and six Sappers taken prisoners. Тһе 
"ander went south with the construction trains to 
Rhenoster, and assisted in the building of this important 
bridge, Whilst there, orders were received from Army 
Headquarters, that the whole of the Electrical Engineers 
should come up to Pretoria at once. They started on the 
n) leaving Lieutenant O'Shaughnessy to complete a 
k ‘m of telephones connecting Rhenoster Camp, Leuw- 
ee Roodeval, and other points which had been recently 
E os ог attacked by De Wet. After carrying out this 
en © Joined the headquarters at Pretoria on the 26th of 
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electrical end the town had been htted up with various 
Were si ДН Paratus, not only for electric lighting but there 
requir гы Signalling, telephone and other wires, which 
ed to be Sorted, labelled, and their uses understood. 
driving th engines which supplied the motive power for 
бегу. A «Упатоз had purposely been damaged by the 
and icf Aad to be repaired and set to work. The small 
ae S. searchlights which had been used by the 
Placed ad гер laced by a system of incandescent lamps 
to be th as to illuminate certain points which were liable 
«тежеледі by the enemy during night attacks. 
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nature, was followed by teaching the garrisons how to use 
and maintain the electrical apparatus in working order. 

Other parties of our men were employed in fitting up 
electrical lighting in various public buildings which served 
as supply stores, and in the large hospitals which were then 
being started, inside and outside Pretoria. In some cases 
these new installations were worked from the public supply 
of the town, in other cases separate generating machinery, 
i.c., steam engines, dynamos, and systems of conductors had 
to be put down for each job. "The plant for this was made 
up from material found at or near Pretoria, most of which 
was in a damaged condition and had to be almost re-made 
before it could be usefully employed. 

During this time, as the whole of the Rand district 
surrounding Johannesburg is supplied with electric light 
and power partly from a distant generating centre at Brak 
Pan, the Military Governor of Johannesburg asked for and 
obtained the services of Captain Leaf as his electrical 
adviser, and from time to time various works were super- 
vised by him and by other officers of the Corps, so that the 
electrical plant of Johannesburg and district was gradually 
got into order. 

It will be interesting to those who have read Rider 
Haggard's novel, “ Jess," to know that the camp at Pretoria 
was close to the site of Jess's cottage. 

Its position was well chosen; a stream of water was 
handy for washing out the engines and it was close to 
the railway and railway workshops. Thus, it was in a 
most convenient position for repairing the various pieces of 
apparatus that they were installing in the forts and public 
buildings. Amongst others, the Government Printing Works 
of Pretoria, worked by their own electric generating plant 
transmitting power to motors driving each set of printing 
machinery, was put in order and worked by the Electrical 
Engineers. 

Early in July, Electrical Engineers were several times 
called upon to extricate an engine which it was proposed 
to use to haul 12-ton 6-in. quick-firing guns to various 
positions near Pretoria. This engine and a gun were haule2 
out of a drift almost in the middle of Pretoria, into which it 
had sunk in the course of an experimental run. 

A few days later, after the driver of this engine had placed 
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the gun in position near Deerdepoort, he took his 2 
down to а spruit in order to fill up his water tanks, ж 
approached too closely to the soft ground, so that the e | 
turned over on its side and could not be got out until we 
were sent for. | 

Great praise is due to Captain Lloyd and Captain p 
and the detachment engaged on this work, ее io 
carried on throughout the night. Тһе way in whic ; | 
Electrical Engineers handled the engines and gun made 1 
evident to the officer commanding the artillery that the 
Electrical Engineers were so capable, that he placed the 
engine and the two guns in their charge, and the о 
Work of placing these, the heaviest guns ever taken into 
the field, was carried out by the officers and men belonging 
{о the Corps, 


On the 24th of July, a 6-in. quick-firing gun, weighing 
with its carriage 12$ tons, was hauled to the top of Quagga 
?P, Seven miles to the west of Pretoria, and 1,300 feet 
above it; the average slope up which the gun was hauled 
WaS І in 10, but there were point parts of it which were 
Sleeper, 2 
On the ist of August a similar gun was hauled up a 
slope averaging т in 6, and in some places гіп 5, to a 
tedoubt on the top of this hill, about five miles east of the 
pwn. А few days later two large traction engines 
onging to the Director of Steam Transport were put 
28 Our charge, under the officers of the Electrical 
Engineers, and with these and the other three engines, 
seg five traction engines, a regular daily service was 
ү базе, and stores of every description were transported 
> Various points, chiefly to the westward of Pretoria, the 
longest fun being to Commando Nek, twenty-six miles 
stant, where a depot was formed for flying columns. 
{ : Service On this road lasted for many weeks, in fact, up 
: the time the Corps started for England, and was carried 
x without any mishap or loss, although during the whole 
: е line was threatened by the Boers, and we 
туи that ѕпіріпр frequently went on, pur as e 
escorts wet concerned no one was hit. A new system о 
eScorte ДЕ adopted ; sufficient men to form two or more 
Orts being put under the command of the officers of the 
“PSand encamped with us. 


Were informed 
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The anxieties connected with this service were greatly 
reduced by an excellent system of signalling the position of 
the trains, which was introduced by Captain Lloyd. 

Early in June a part of the detachment left at Bloem- 
fontein left under Lieutenant Stubbs and worked under the 
Army Telegraphs repairing telegraphs and erecting new lines. 
They trekked the whole journey from Bloemfontein to 
Pretoria, only arriving at Pretoria towards the end of July. 
After their arrival at. Pretoria Lieutenant Stubbs' party were 
employed for some time on new telephone lines connecting 
the forts with the town, and later on took another panty down 
westwards to Standerton. 

Towards the latter part of August a party of Electrical 
Engineers, under Captain Lloyd, were sent up to Brugspruit 
with a set of searchlight apparatus and accessories, which 
was erected, and the light shown from the top of the shaft 
of a colliery near Brugspruit Station, the dynamo being 
driven from the mine engine. Captain Lloyd returned to 
Pretoria and left the detachment for some weeks under the 
command of Lieutenant Bigge, and there is no doubt that 
the presence of this searchlight greatly reduced the liability 
of night attacks from a strong commando under Erasmus, 

which threatened the Pretoria and Delagoa Bay Railway at 
this point. 

On the 4th of September one of the engines, with dynamo 
and sixteen. arc lights, was taken down to Machadodorp by 
Captain Leaf and a small party of Electrical Engineers, and 
at this point an installation was erected to supply light to 
the various running-sheds and loading-stages, as at that 
time convoys which supplied three columns with food had 
here to be loaded. 

On the 31st of August, Sergt.-Major Brown, R.E., and 
Corporal Dalton were attached to Lord Kitchener's statf 
to use their bicycles and field telephones as required at 
the front. 

Up to the time of the arrival at Pretoria, as the officers 
and sappers were constantly employed on railway work, 
little opportunity was given for the sappers to use the 
bicycles, but after arrival at Pretoria they proved to be 
of the greatest value; for as the work at the forts and 
buildings was scattered over a large area it necessitated the 
ofhcers and men moving rapidly from point to point, and 
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the whole of the bicycles were in full use, зо Бу their aid 
the twenty men who rode them were almost doubled in value. 

On the 17th of September the writer, accompanied by 
Captain. Leaf, was sent down by Lord Roberts to the low 
country to the east of Machadodorp, in order to report 
whether any of the traction engines could be efficiently 
used there. At this time Captain Bain also came down 
to Waterfal Onder in charge of the railway telephone 
work, and Lieut. O'Shaughnessy was in command of the 
more advanced telegraph work near Koomati Poort. 

Early in October the writer was ordered to England 
by Lord Roberts, іп order that his recent experience 
might be utilised in designing traction engines for military 
purposes. Captain Lloyd re-assumed command. 

From this date the work went on uninterruptedly until 
the later end of October. 

The unit by this time was іп а very scattered condition, 
the large number of jobs being carried out all over the 
Transvaal and Orange River Colonies demanding small 
detachments at various places. 

It was whilst in charge of his Standerton detachment 
that Lieutenant Stubbs so nearly lost his hfe. Huis duties 
necessitated a journey by rail on a line known to be threa- 
tened by the enemy. 

At a point on the line near Vlaklaagte, а few miles north 
of Standerton, something was observed on the line which 
looked rather like dynamite. 

Lieutenant Stubbs went forward to examine, and was 
immediately fired on by a large party of Boers concealed 
about three hundred feet off. 

Trying to regain the engine he was hit again and again 
until at last he rolled into the ditch by the side of the line. 

The train was captured and all not killed or wounded 
were taken prisoners. 

The train was then blown up and burnt. 

Towards the end of October orders were received from 
the Engineer-in-chief to concentrate the unit and hand over 
the majority of the stores so as to be ready to move home- 
wards on receipt of further orders. 

The various detachments were gradually collected, and 
on October 25th, exactly four months after they arrived 


in Pretoria, the unit steamed south for Bloemfontein. 
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Seven men were left behind in Pretoria to take their 
discharge there; four of these had been given civilian 
employment under the Imperial Military Government, and 
three were taken up by private employment on the Rand. 

A forty-eight hours’ journey took them to Bloemfontem, 
where they completed the handing over of equipment and 
packing for our final departure. 

But even during this time the “handy man” was not 
allowed to be idle. 

oix to eight miles of telephone line connecting outlying 
camps were laid under Captain Bain's direction, whilst 
Captain Lloyd was sent off to Norvals Pont to report 
on an electric-light installation at the hospital there. Не 
also had to report on the future lighting of the railway 
depot at Bloemfontein from the new Town Central Station. 

Had not orders for the unit to move south finally for 
Cape Town been received it is probable that the men would 
still be discovering fresh jobs to turn their hands to. 

Yet one more check was met ere the unit finally arrived 
at Cape Town. 

No transport was absolutely ready, and so, to avoid 
the possibility of the hardened and fierce warrior striking 
terror into the hearts of the peaceful inhabitants oí 
Cape Town, the bloodthirsty Electrical Engineers were 
kept for three days in the safe camp of Stellenbosch, and 
not until Saturday, November 17th, did they reach the 
port, where the train took them right alongside the Vorham 
Castle. After an uneventful and extraordinarily fine passage 
the ship was brought alongside the quay at Southampton 
on the evening of the 6th of December. 


ADDENDUM. 


NAMES OF THE SOUTH AFRICAN DETACHMENT OF 
ELECTRICAL ENGINEERS (R.E.) VOLUNTEERS. 


Relurned to England. 
Licut-Colonel К. Е. CROMPTON. 
Captain Е. L. LLovp, В.Е. 


Captain A. BAIN. Captain H. M. LEAF. 
Lieutenant J.J. F. O'SHAUGHNESSY. — Lieutenant А. Н. POTT. 
Second-Lieutenant H. Е. BIGGE. Sec.-Lieut. Е. PowELL WILLIAMS, 
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Sergeant-Major С. А. Brown, В.Е. 
Company Sergt.-Major E. RoRKE. 


Sergeant W. $. ENTWISTLE. 


Corporal Н. Н. В1скЕв-СААКТЕХ. 


Corporal W. DALTON. 
Second-Corporal E. M. SELLON. 
Second-Corporal A. I. HODGSON. 
Lance-Corporal H. R. ALLEN. 
Lance-Corporal S. W. MELSOM. 
Lance-Corporal С. F. Love. 
Lance-Corporal A. R. PEART. 
Sapper F. D. ARUNDEL. 

Sapper W. C. COOKE. 

Sapper A. J. C. DEVONSHIRE. 
Sapper G. J. H. ELLIOTT. 
Sapper Е. C. HonsLEy. 

Sapper A. E. MINNS. 

Sapper N. W. PIRRIE. 

Sapper F. G. PAYNE. 

Sapper Н.В. TıLLEY. 

Sapper F. J. WALLIS. 
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Sergeant-Inst. C. Т. Rusk, В.Е. 
Sergeant J. Н. S. PHILLIPS. 
Sergeant А. Н. I. GRAHAM. 
Corporal À. CHARLTON. 
Corporal W. Н. Hossack. 
Second-Corporal ]. Коок. 
second-Corporal С. LANDON. 
Lance-Corporal G. CHARLTON. 
Lance-Corporal D. F. COLSON. 
Lance-Corporal M. N. CRAWFORD. 
Lance-Corporal A. O. WILTSHIRE. 
Sapper H. BERTRAM. 

Sapper W. G. CARTER. 

Sapper R. H. BRANDER. 
Sapper R. W. HoLLIDAY. 
Sapper L. Н. HOUNSFIELD. 
Sapper H. A. PARIS. 

Sapper F. J. PHILLIPS. 

Sapper R. B. ROBERTS. 

Sapper J. D. TAYLOR. 

Sapper E. J. WRIGHT. 


Sapper F. J. Үойхс. 


Accepted Commissions in Royal Field Artillery. 


Second-Corporal D. С. W. HUME. 


Second-Corporal J. H. STONE. 


Remaining in South Africa. 


Sergeant T. H. BROWN. 
Sapper J. М. BOWREY. 
Sapper С. №, S. PAINE. 


Lance-Corporal A. E. LEVIN. 
Sapper H. R. CLAXTON. 
Sapper C. Е SILVERTHORNE. 


Sapper F. C. STEPHENS. 


Left in Hospital in South Africa ; but now returned to England. 


Licutenant ]. H. STUBBS. Lance-Corporal C. R. H. THORN. 


Died in South Africa. 


Second-Corporal A. HoLpaway (at Bloemfontein). 
Sapper E. C. SHort (at Kroonstad). 

Sapper W. C. WEAKLEY (at Viljoen's Drift). 
Sapper E. J. Wrest (at Wynburg). 


The PRESIDENT : We аге not going to have any criticism 
on this paper. I think perhaps there has been a little too 
much criticism in this country of the military operations in 
south Africa, In addition to that, the only condition on 
which Colonel Crompton was allowed by the War Office to 
give us the paper was that it should not be criticised. For 
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that reason he has called it a lecture, and in calling it a lecture 
it is evident that he thought he could take liberties. When 
a man reads a paper he is supposed to read it as it 1$ printed, 
but Colonel Crompton has added a great deal to the printed 
matter previously supplied. І very much hope that all the 
additions he has made will be inserted, as they are most 
interesting, I think we should also like Colonel Crompton 
to select a few of the views he has shown us this evening, in 
order that they may appear in the Journal. There were so 
many interesting things in the lecture that one does not like 
to particularise, but I am sure that the Norfolk Regiment, 
who, the lecturer said, were so easily educated in electrical 
matters, would value the testimony which Colonel Cromp- 
ton had given them almost as much as any other testimony 
they might get during the war, however valuable. Again, 
without attempting to particularise, 1 may tell you that 1 
have heard five different accounts of the Leeuwspruit 
fight from students of mine who were in it. From 
Colonel Crompton himself I have heard three different 
accounts, to say nothing of the account I got from Captain 
Lloyd. The account given in the paper is not like any 
of the others I have been told—it is too sober ; from what 1 
can make out it was the liveliest time on record for all our 
people. I did not know when I gave that address on Tues- 
day night what a lot of work had been done by the Elec- 
trical Engineer Unit in Africa, and yet I think I said on 
Tuesday night all I have to say, and I believe that my words 
voiced the feelings of the Institution. I have to announce 
that the Council has decided to issue to each member of the 
Electrical Engineers Unit a copy of that short address? 


* ADDRESS OF PROFESSOR PERRY, AS PRESIDENT OF THE 
INSTITUTION OF ELECTRICAL ENGINEERS, TO THE 
SOUTH AFRICAN DETACHMENT OF THE ELECTRICAL 
ENGINEERS (R.E. VOLUNTEERS, 18TH DECEMBER, 1900. 


“ Lieut.-Colonel Crompton, Captain Lloyd, Officers and Men of the 
Electrical Engineer Unit of the South African Army ; in the name of 
the Institution of Electrical Engineers, I welcome you home. 

* When Dr. John Hopkinson suggested that all British. Professional 
men, and particularly Engineers, should prepare themsclves in time of 
Peace for giving their professional services to their Country in time of 
War, he created the germ of what may become the greatest and best 
line of defence of the Empire. 
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on vellum paper, with the seal of the Institution. I will, 
now ask you to thank Colonel Crompton for his lecture 
with acclamation. 

The vote was carried with acclamation. 

Mr. ALEXANDER SIEMENS : I have great pleasure in pro- 
posing the following resolution :— 

“That the Institution of Electrical Engineers offers the 
most cordial congratulations to the members of the Corps of 
Electrical Engineers (Royal Engineers) Volunteers, forming 
the Electrical Engineer Unit of the South African Army, upon 
the patriotic devotion that they have shown in placing them- 
selves and their technical skill at the service of their country, 
and upon the successful termination of their arduous and 
self-denying labours during nine months of active service in 
the field." | 

No words of mine can support this resolution better than 
the lecture which we have just heard. 1 want to call 
attention to the skill which the officers leading the detach- 


“You have carried out successfully the very first experiment. We 
of the Institution know how much you have sacrificed. I speak neither 
of social pleasures nor of home comforts. I do not speak of the dangers 
you have risked, either from the chances of war or from that more 
dreadful enemy, disease. These were common to you and all other 
Volunteers. But you gave up positions and chances of promotion in 
your profession, a sacrifice which we of the Institution are particularly 
well able to appreciate. 

“For those who have died we mourn not ‘as those without hope’ : 
Hope that a life laid down bya man for men is not a life thrown away ; 
Hope for a country that can still breed sons who for her sake are not 
afraid to die. 

“We are assured that in the opinions of the Generals your small 
Force was of very great service. In particular with the aid of your 
electric lights the work of mending the broken bridges went on by night 
as well as by dav, thus saving this country millions of money, and who 
knows how many lives ? 

“You did any kind of engineering work that had to be done, and 
showed yourselves the handiest of ‘handy men. Officers and men 
alike took their full share of actual physical toil ; but to us civilians, 
members of the Institution, the distinction between officers and men is 
merged in the fact that all alike were worthy representatives of the 
Electrical Engineering Profession. We stand higher in our own 
opinion and, as we believe, in that of the world, in that our profession 
has developed in you that common sense, that resourcefulness in time 
of trouble, that reserved power and moral courage which have distin- 

guished you particularly in an army of distinguished men.” 
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ments have shown in preserving their men from disease and 
from attack. In this you will allow me, perhaps, to say | 
am in a small way ап expert, as I went through the same 
sort of experience thirty years ago, and therefore appreciate 
perhaps more than any of you the skill and the discipline 
which are necessary to produce the good results which 
Colonel Crompton has described to us to-night. Itis also 
perhaps not a criticism of the paper if I add that the action 
of the Electrical Engineers, and their great utility duringthe 
war, has shown that the Volunteers are not such a despicable 
force as the enemies of volunteer service generally want to 
make out. Of course I served under conscription, but even 
then | can add my testimony that the best soldiers were the 
so-called Volunteers, the well-educated ones, because they 
did what the Electrical Volunteers have done—they obeyed 
orders, and did not talk. 1 have great pleasure in moving 
this resolution. 

Мг. Huco Hirst: It is indeed a great honour and 
privilege to be allowed to second Mr. Siemens' words of 
appreciation. of the deeds of the Electrical Engineer 
Volunteers. Мау I add, at the request and with the 
permission of the President, a few words that suggest them- 
selves to me on this occasion. At the beginning of this war 
we all thought the overwhelming weight of this Empire 
might quickly crush resistance out of what we considered to 
be two small countries; but we found that we were sadly 
misled. The unpreparedness under which we started this 
war, and which, as Sir Wilfrid Laurier said, redounds to 
the eternal glory of this country, brought us into unpleasant 
and unexpected difficulties. These, however, gave us elec- 
trical engineers a chance of showing what an intelligent 
organisation could do. Our corps was only an adjunct to 
an adjunct of the Army, yet they did the wonders of which 
Colonel Crompton has told us here to-night. When this 
war is finished, we shall have to start that bigger fight—not 
a fight against little countries, but a battle for the indus- 
trial supremacy of this country against an array of big 
nations. Іп this battle electrical engineers will not be 
an adjunct only : I think they will be looked upon as the 
leaders of the nation. It will be they who will be the general 
staff, who have to form the plans and the tactics for the 
nation, and they will have to find the ways and means of 
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communication, and will have to provision hundreds of 
millions of men. То do thisthe members of this Institution 
have a great duty to perform, and much work to do. We 
want to learn in this work from what we have heard to-night. 
I think men that have done what our Electrical Engineer 
Volunteers have done, who have risen to the emergency of 
the occasion. in the manner we have heard, who have 
shown that they are willing to sacrifice everything to their 
patriotism, ап have disproved that they have gone out to 
South Africa merely for the sake of a rough life, оғ for 
hghting, for a bullet or a medal, who have gone through all 
the hard drudgery of an engineer’s work in a campaign, аге 
ft to do any work, I think those men should be singled 
out, should be hall-marked, if I may put it in that wav, for 
the rest of their lives for all the important positions that the 
work in Which we are engaged may bring forth. 1 think it 
is the duty of every member of this Institution who is an 
emplover to remember at all times the sterling qualities, the 
hard work, the perseverance, and the high sense of duty of 
this corps. It is our duty to help them to get those posts of 
honour and those remunerative positions, not only for what 
they have done, but also for the glory and the prestige that 
they have shed on this Institution. With these words I have 
much pleasure in seconding Mr. Siemens’ proposal. 
КЕ 2. : Before putting the resolution to the 
mor ius 1. like {о say that that suggestion of Mr. 
Bie E members of this Institution who are em- 
that а : Ыт п a position to do it, ought to remember 
The E ET Aa Ө! the corps may be out of employment. 
Mr. J. W. Eo Du and carried with acclamation. 
realise that war ne 3 Colonel Crompton has made us 
aspects ; indeed aS its bright as well as its sombre 
io as A i , the lights of the picture he has presented 
shadows a dee ML have almost overpowered the 
that I think 2. ure. And, gentlemen, there are shadows 
the return of a ye, ust not overlook. We lately rejoiced in 
out tor ту large proportion of the men who went 
ender their help in th 
e defence of the honour of the 
* Protection of the lives and liberty of 
uth Africa. We rejoice that such a large 
se men who went out nine months ago 
returned safe and well, most of them 
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looking even better than they looked when they went away. 
But, gentlemen, not all the sixty-four men who went ахау 
have returned. АП of those who went, no doubt, realised 
the perils that the occasion. might place them in, and were 
prepared to meet the worst consequences, but only four had 
to make the sacrifice which they were all ready to make, to 
render up their lives in the service of their country. The 
names of these four men, honoured names—namics, I trust, 
that will never be forgotten—are Second Corporal A. Hold- 
` away, Sapper E. C. Short, Sapper W. C. Weakley, and 
Sapper E. J. West. “These few, these happy few,” will 
never return. The manner of' their death was pathetic 
rather than dramatic. It was not their fate to fall amidst 
the din and fury of battle, but their death was none the less 
heroic in that they died a lingering death in the hospital, 
stricken down at the post of duty not by Mauser bullets 
sped by the hand of an unseen foe, but by the deadlier 
stroke of that subtlest of enemies, that with sleuth-hound 
tenacity dogs the footsteps of armies in the field—enteric 
fever. Just as surely as the bullet sends the sorely wounded 
man to the hospital, so with equal sureness this lurking 
enemy strikes home, and exacts the same endurance of 
long-drawn-out suffering, and with even greater likelihood 
that all the skill of the doctor and all the care of the nurse 
may prove of no avail, and that the end of all 1s—a few 
freshly-turned sods on the veldt. But no, that is not all, 
for it is not true that death is the end of life: life and the 
deeds of life are ineffaceable. These few gallant members 
of a gallant band have the supreme honour of having died 
serving their country in a good cause. So dying, they have 
achieved immortality. They fell marching in the path 9 
duty, and now, as ever, * The path of duty is the way to 
glory." 

Let us always remember them, and let us also remember 
those to whom they were near and dear, and let us try to lift, 
if ever so slightly, the burden of their sorrow, by our svm- 
pathy. I beg to move, “That the Institution of Electrical 
Engineers desires to express its deep sorrow, and to tender 
its heartfelt sympathy to the relatives of Corporal A. Hold- 
away and Sappers E. C. Short, W. C. Weakly, and E. J. 
West, who lost their lives while serving in the Corps of 
Electrical Engineers (Royal Engineers) Volunteers in South 
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Africa, and so gallantly devoting their technical skill to their 
country's need." 

Sir HENRY МАХСЕ: It has occurred to me that although 
there are many who would have seconded this resolution 
with greater eloquence, there is a certain fitness in asking 
me to perform the duty. I suppose I am the oldest 
Volunteer in the Institution of Electrical Engineers. | 
joined the movement in the fifties, and for many vears 
before I left India I was an officer in the Volunteers 
there. There is another reason why I feel great sympathy 
with this evening's proceedings, namely, because I have two 
sons in South Africa, one of them an officer of the Royal 
Engineers, who was, I believe, on board the first train which 
entered Mafeking after the siege. I think that this resolu- 
боп wil be some consolation to the relatives of those 
who have lost their lives. I remember some time ago 
being at Southampton and witnessing the departure of 
some thousands of our troops, as happy as men could be. 
Among them were many men who were making great 
sacrifices, but when I walked away, with a rather heavy 
heart, I felt that those who were making the greatest sacri- 
fices were the wives and mothers and the women of this 
country. 

I beg to second the resolution. 
The PRESIDENT: With Mr. Swan's permission, I should 


like to add one line to the resolution, namely, “апа that 
the Secretary be instructed to communicate with their 
relatives,” 


The resolution, with the addition proposed by the Pre- 
sident, was Carried іп silence, all the members present 
rISIDg in their places, 

The Presip 


| ENT announced that the scrutineers reported 
the following B 


andidates to have been elected :— 


Associate Members: 
Eric Philip Barfield. 
Charles Shore. 


Student : 
George Thomas Lundy. 
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MANCHESTER LOCAL SECTION. 
Paper read at Meeting of Section, November 27th, 1900. 


RELATIVE ADVANTAGES OF DIRECT-CURRENT 
AND THREE-PHASE DISTRIBUTION FOR 
SMALL INSTALLATIONS. 


By HARDMAN A. EARLE, Member. 


When accepting an invitation to read a paper before this 
Institution, I was for some time in doubt as to what subject 
I should choose; none was particularly uppermost іп my 
mind as one upon which I wished to discourse, but I came 
to a decision while travelling abroad ; the question covered 
by the title of my paper being brought most prominently 
before me, owing to the competition and different state- 
ments I met with, with regard to the relative advantages of 
three-phase and direct-current machinery for small and 
medium-sized installations. Owing to this, 1t occurred to 
me that a comparison between the two systems would be of 
interest and likely to give rise during its discussion to points 
which would be a guide for the future. Competition is not 
always, especially іп some countries, carried on on strictly 
commercial lines, and I have experienced instances where a 
competing firm, finding it could not secure an order for 
direct-current machinery, has offered polyphase machinery 
as an alternative, singing its praises at great length, setting 
forth advantages without number, and naturally ignoring 
the other side of the question ; this 1s not as it should be, 
but with inexperienced purchasers, with no one to guide 
them, it is at times successful. 

] have found the title I first adopted for my paper somes- 
what too limited in its scope, and have briefly considered 
questions which relate to the distribution from substations, 
as well as that of the choice of machinery and distribution 
for small installations. 

The type of machinery and the system to be adopted for 
supply and distribution are, in the case of large plants, most 
carefully considered ; simplicity of design, first cost, and 
subsequent economy being among the most important of 
the many factors, 
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In the case of small installations, however, such as are 
put down to supply light and power for mills and factories, 
the question is not infrequently decided irrespective of 
theoretical considerations. | 

The purchaser in England is very usually in the hands 
of the consulting engineer, but in countries where this 
commodity does not exist he is often guided by the 
persuasive power of the seller, and sometimes by fashion. 
For the lowest price may mean but little as regards cheap- 
ness when there is no specification. There are many ways 
of preparing a low tender; and the omission of something 
in one which is included in another, the adoption of different 
voltages, various groupings of lamps and motors, difterent 
speeds for generators and motors, may give one system an 
apparent advantage over another which it does not in reality 
possess, | | 

Many firms have, up to the present, given their chief 
attention to direct-current work, and this has met the wants 
of the smaller installations as well as those of the greater 
portion of the large central stations. Single-phase supply at 
high voltage, with distribution from transformer stations, 
has competed keenly with direct current, but lamps of 
higher voltage, together with three-wire distribution, has 
given the latter a long lease of life, and has enabled it to be 
emploved for large areas without undue loss or a prohibitive 
Cost of copper, 


_ We have seen 50-volt and subsequently 100-volt lamps 
in regular use for large installations, but now 200 up to 230- 
volt lamps are quite the accepted standard, and this higher 
Pressure has so largely reduced the first cost of copper that 
ІП many stations where the use of alternating currents was 
formerly Warranted, direct-current machinery is being put 
down, and еуеп in some instances the alternating-current 
machinery being taken out. Running and.driven balancers, 
together with feeder boosters, are required as auxiliary 
machines for direct-current three-wire distribution, from 
Substations dealing with large powers, and feeding over a 
Considerable area; but it is more than probable that in the 
future 400-volt lamps will be available, which, with a two- 
Wire distribution, would render the two first-named machines 
ennecessary, and eliminate the cost of the centre wire. As 
Polyphase and monophase machinery lives on the price of 
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copper, it can be fairly assumed that every saving in this 
respect will take away their livelihood and reduce their 
utility. Where lighting constitutes the largest proportion of 
the load, the copper required is proportional to the watts per 
candle taken by the incandescent lamps, any reduction, 
therefore, in this respect is of great importance ; lamps are, 
] understand, shortly to be put on the market consuming ? 
watts per candle, or even less, and every advance in this 
direction is, I again hold, to the advantage of direct current, 
and will enable it to cover a wider field, for who will use 
high voltages and transform down, if they can use low with 
equal economy, or include complications when they may be 
omitted ? All auxiliary machinery and apparatus has only 
one object, and that 15 to reduce the price of the mains, or, 
as I have seen it stated, adopted in the vain endeavour to 
cheat Ohm’s law out of its due tribute of copper. 

There are some who blindly champion alternating and 
polyphase systems, call commutators excrescences, and quote 
experiments which claim to show that polyphase weigh a 
mere fraction of direct-current machines. A statement in 
Herr von Dobrowolsky's remarks in the discussion on a 
paper read by Herr Gorges іп 1892 was quoted in the first 
edition of a book, and has again appeared in the second 
edition, namely, that a certain multipolar continuous-current 
machine gave 11,000 watts, but that when a three-phase 
armature was run in the same fields, it gave an output of 
33,000 watts. I doubt this test being one which one could 
consider upon a commercial basis. On turning, however, 
to the paper in question, I find that Herr von Dobrowolsky 
also said: An alternating-current machine is so totally 
different in its construction to a direct-current machine, that 
such comparisons cannot be fairly made, and that it is 
equivalent to saying that a spoon has an ethciency of 100 
per cent. when used for soup, but only one of 50 per cent. 
when used for cutting. 

Notwithstanding all this, the polyphase system 15 at the 
present time the most satisfactory solution of long-distance 
transmission, and will be utilised more and more to transmit 
large powers into the centre of towns, and to cope with the 
many difficulties which present themselves; but the chief 
point I desire to raise 15, whether the distribution from the 
substations should be by polyphase or direct current, and 
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Whether for smaller installations one system offers such 
advantages over the other as to warrant a preference being 
given. 

Notwithstanding the existence of several eminent advo- 
cates of single-phase machinery, 1 do not propose to 
consider it, nor have I had to deal with it in connection 
with the competition I have experienced, especially abroad. 

With regard to the two remaining rival systems, the 
commutator seems to be the red flag of polyphase ex- 
ponents, but any trouble that has been experienced on 
this behalf is merely а passing nightmare, and has only 
occurred with. machines of large power running at high 
speeds, in connection with which considerable experience 
IS required and very high class workmanship demanded in 
order to enable carbon brushes to maintain good contact on 
à surface running sometimes as high as 40 miles an hour; 
this difficulty has been experienced by most of us, but 15 
being rapidly overcome, and in a short period it will be a 
thing of the past. It is, however, much to be desired that 
the high engine speeds which have been saddled upon us 
for plants of 1,000 horse and upwards may in the future be 
reduced some 20 per cent. 

With reference to the comparative weights of дігесі- 
current and. polyphase generators, we may take as a good 
example of the latter one of the 32-pole three-phase 
generators built for the Central London Railway, and which 
азап output on full load of 850 kw. at 94 revolutions ; this 
machine has а weight of 37 tons, or, with exciter, say 39 
tons, Аз an example of a large direct-current traction and 
lighting generator, we may take one of a number of ro-pole 
machines now being built at Salford Ironworks, having an 
Output of доо kw, with fixed lead, and running at 95 revolu- 
tions per minute. This machine has a weight of 45 tons, or, 
correcting for the increased output, it equals 42 tons ; this 
machine could, however, have been built lighter as a shunt 
белега(ог, with the compound windings omitted, and, with 

6 smaller range of voltage then necessary, the magnets 
Would have been lighter, and, probably with advantage, 
0ге in number; the weight would then have been practically 
identical with the polyphase generator, with which it has 
сеп Compared, 


With regard to the weights and prices of still larger 
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generators, I have compared a 1,400 kw. x cos ф polyphase 
generator running at 93 revolutions with a direct-current 
one of the same output, and, for the same speed, the former, 
with exciter, would weigh approximately some 64 tons, and 
the direct-current generator approximately the same. Сош- 
paring the prices of the above machines, the polyphase has 
the advantage and is approximately some 12 per cent. cheaper 
to build, this being chiefly due to the cost of the commutator 
on the direct-current machine. 

There is, however, one point which cannot be passed by 
unnoticed, and that is the small safety clause attached to 
the output of the polyphase machine, namely, cosine ф- 
what is this ? Why it means that on an inductive load this 
apparent 12 per cent. advantage 1$ wiped out, and may even, 
and very probably will, put the boot on the other foot; but 
more of this later on. 

With regard to smaller sizes of 200 to 400 kw., I do not 
hind that there is much difference ; in fact, the figures I have 
tend to show that the advantage is on the side of direct 
current, but I will not press this point. 

Respecting the weights of the two types of motors, the 
polyphase {уре with squirrel-cage rotor is considerably 
lighter, but the large motors of 50 to тоо horse-power with 
wound rotors weigh about the same. 

Comparing the price at which the smaller sizes are so\d, 
the polyphase have an advantage of about 5 per cent.; but 
figures І have carefully examined for motors from Io to 100 
horse-power with wound rotors show a good average of 10 
per cent. in favour of continuous current, when compared 
with polyphase motors imported into this country, and the 
cost of importation does not amount to ro per cent. 

Considering next the cost ог weight of mains, the 
advantage is on the side of threc-wire direct-current 
distribution, as may be seen from the following table on 
pages 314 and 315. 

In that table it is assumed that the various systems 
are for incandescent lighting as well as for power, and that 
the voltage is limited by the lamps, the circuits being so 
arranged that each lamp can be switched on singly. 

As regards the voltage, column 1 gives the virtual volts 
between any two wires when lamps of the same pressure, 
namely 200 volts, are employed on each system ; but this 
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figure may certainly be taken exception to in the case of the 
alternating systems, for it must not be forgotten that their 
maximum voltage is the / 2 times their working voltage, or 
r4 times as great. And this cannot be lost sight of when 
taking into consideration the questions of insulation and 
risk from shocks. І have, accordingly, given in column 2 
the maximum voltage between any two mains on this basis. 

There is also another point to be borne in mind in 
connection with. the mains for polyphase systems which 
contain many motors, and that is for equal loss they must 
be increased in section at least 10 per cent. above that given 
їп {һе table, and required for continuous-current systems, 
in order to allow for the loss due to wattless currents, and 
this figure may have to be still further increased to 20 per 
cent. or even more should many of the motors be put down 
to deal with very variable loads ; in fact, the section of the 
mains in the table must be increased in the inverse ratio of 
the power-factor of the system, taking into consideration 
both motors and lamps. 

In the comparison, a third or common wire has been 
included, where necessary, to fulfil the condition of 
individual control, but the systems are assumed to be in 
balance, ic, there is no loss in the centre wire, which has 
been taken in all cases as 25 per cent. of the weight of an 
Outer, 

It is seen that continuous-current three-wire systems are 
only beaten by т, namely, in the case of the three-phase star 
With common return, but then the saving by having only 
three wires instead of four to fix and insulate would cancel 
this small difference, not to mention the better regulation 
Which can be obtained with continuous-current machinery. 

With regard to this small difference of 1 , the three-phase 
Star has, Moreover, no right to, for it is entirely eliminated, 
and the tables are turned, by what I have said respecting 
the loss due to wattless currents when motors are used ; and 

е three-wire direct-current system is then found to be at 
“4St 10 per cent. the best of all, as regards the weight of 
соррег, 

From the way I have drawn the diagrams of the three- 
Зе star circuits, it can readily be seen why, when lamps 
used, the fourth or common wire is necessary to main- 
Proper regulation of voltage on the lamps, for without it 


pha 
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the system would be comparable to a continuous-current 
two-wire system with three lamps in series. 

Turning next to the question of running motors upon 
the circuits, the points to be considered are— 

(т) Starting Torque. (3) Constancy of Speed. 
(2) Regulation of speed. (4) Efficiency. 

Polyphase motors аге essentially constant-speed 
machines, and the speed of the smaller sizes 1s high, the 
arrangement of the winding is limited, and in this respect 
they do not so readily lend themselves, as continuous- 
current motors do, to windings by which any desired speed 
can be obtained. Various ingenious methods have been 
adopted to meet the requirements, which are more or less 
satisfactory, but there is still considerable room for further 
development. 


I. STARTING TORQUE. 

A continuous-current motor, even when shunt wound, 
exerts its full torque, with a small increase of current over the 
full load current, and is capable of satisfactorily dealing with 
any work for which it may be employed ; small three-phase 
motors with squirrel-cage rotors, starting with full torque 
require a momentary rush of current, approximately equal 
to 24 times the full-load current; this 15 an undesirable 
feature, and to obviate it motors of larger powers are started 
up with a resistance in the rotor circuit. This minimises 
but does not remove the defect. 

This behaviour would prevent a three-phase power 
installation being arranged so that all motors may start 
up with the generator. With respect to this, I arranged а 
power installation of 850 E.H.P. in а large spinning and 
weaving mill abroad, іп which are included some ten 
compound wound continuous-current motors, placed long 
distances apart, and ranging from 220 to 30 horse-power ; in 
this installation all the motors can start up simultaneously 
with their. generator, on practically full load, the starting 
current required being not more than some 50 per cent. in 
excess of the full working current. 

In cases where the running torque is constant, but 
where a great starting torque is required, series wound 
continuous-current motors offer the best solution. 

I have one case especially іп my mind, іп connection 
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with a polyphase installation in a cotton mill, where a large 
number of motors of 8 B.H.P., with squirrel-cage rotors, were 
put down, each to run a line shaft driving 24 narrow looms ; 
in this case trouble was experienced in starting up, belts 
coming off, or the motors, expecially on Monday morning, 
when everything was stiff, refusing to start at all. Larger 
motors were in some instances put in, and in others fast 
and loose pulleys were added: a 7- H.P. direct-current motor 
would have done the same work, and have given better 
results. 

One method of increasing the torque of polyphase 
motors, on starting, is to increase the voltage on the stator 
by means of a booster transformer. 

Another method is to alter the connections of the stator 
windings from star to mesh ; thus increasing the pressure in 
the ratio of 1'73 : 1. Another arrangement is to change the 
connections of the stator coils from series to two sets in 
parallel. 

The requisite starting torque can, however, be obtained 
from a direct-current motor, whether shunt or series wound, 
without any of these devices. 


2. SPEED REGULATION. 


The regulation of speed, either of continuous-current or 
of polyphase induction motors, is effected by somewhat 
similar means, 

The speed of an ordinary shunt-motor can be varied in 
three ways, either by inserting a resistance in the armature 
circuit, by altering the voltage of supply, or by varying the 
strength of the fields. 

Like shunt or series direct-current motors, polyphase 
motors, except the smallest sizes, require a resistance to be 
inserted in the rotor or revolving windings to keep the 
starting current within bounds. Merely by the use of such a 
resistance any desired variation of speed can be obtained 
with either type. With this method of regulation, however, 
the input remains practically constant, and it is therefore 
too wasteful to be adopted where a high average efficiency 
15 imperative throughout the whole range of speeds. 

А direct-current motor running on a three-wire system 
with two voltages available, combined with regulation of 
the field, can be made to yield a very high mean efficiency 
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equalling 83 per cent. for the whole of the working range— 
that 15 for some 66 per cent. of the speeds and an average of 
75 per cent. throughout the whole range. Weakening the 
feld by introducing resistance into the stator circuit of a 
polyphase motor increases the slip and the motor runs 
slower ; but as the field supplies the rotor current in the 
same manner as the primary of a transformer supplies the 
secondary, the torque falls off very rapidly. 

By doubling the number of poles in the stator winding 
the speed can be halved; this necessitates, however, an 
inconvenient number of windings, increases the compli- 
cation of the switch, etc., and is rather impracticable. 

Considering the various devices as a whole, one cannot 
but be drawn to the conclusion that the direct-current motor 
on a three-wire system, with two voltages available, or ona 
two-wire system with double wound armature, together 
with the provision for some field regulation, 1s the simplest 
and most desirable, for it gives all variations of speed most 
economically, and it can be easily arranged so that there 15 
no jump whatever between one speed and another. Three 
or four instances have come to my notice where power has 
been transmitted to a works from a considerable distance 
by polyphase current, but in connection with which motor 
generators have been added to supply direct current to 
motors requiring to be operated through a large range of 
speed at a high mean efficiency. 


3. CONSTANCY OF SPEED UNDER VARYING LOADs. 


In this respect a shunt wound continuous-current motor 
acknowledges no superiority to the polyphase; the slip on 
the latter increases with the load, but shunt wound motors 
are available which can maintain constant speed from no 
load to full load. 5 

For Tramway work a polyphase motor will maintain 
а more constant speed when climbing hills than a series 
wound continuous-current motor, but as this is at the 
expense of current, a high speed on the level and a slower 
speed on hills seems more to be desired, and likely to 
reduce the maximum current demanded from the station. 


4. EFFICIENCY. 
1 have compared the efficiencies of direct-current motors 
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which have been most accurately tested, with figures which 
| consider are fairly representative of what can be obtained 
with polyphase, and give the comparisons below :— 


Direct current 82% ... 8595 ... 8695 ... 01% ... 02% ... 02% 
Polyphase... 75%... 80% ... 84%... 88%... 00% ... 01% 


This shows a large superiority for direct-current motors 
of small power, and a small advantage on the larger sizes. 

The power-factor of polyphase motors, as far as any 
published figures go, as well as those which are obtained 
from various makers, vary more widely than seems at all 
necessary, and in order to obtain a fair average, I dotted all 
the power-factors I could get upon a sheet of paper, and 
then drew a curve through the lot, and I give you below the 
readings which resulted from this curve. 

Power-factor for polyphase motors on full load :— 


В.Н.Р. 5 I0 15 25 бо тоо 
76... "79 ... "8т ... "83... '86 ... "88 


With regard to the above, itis needless to remark that the 
power-factor of continuous-current motors is unity. 

Having considered how the various Operations are 
effected for changing either the speed or torque or both, 
let us consider the conditions under which motors have 


to work; these may be divided under four heads and 
Stated as follows :— 


(1) Constant speed with constant torque. 
(2) , К variable , 
(3) Variable , constant  ,, 
(4) Р » variable — ,, 


CONSTANT SPEED WITH CONSTANT TORQUE. 


This condition is one which exists, when motors are used 
to drive lengths of shafting, from which again are driven a 
considerable number of small machines, such as are found 
‚па cotton mill, ora large machine shop; in this instance the 
load is fairly constant, possibly not varying more than some 
10 per cent. ; it is in such cases that a polyphase motor is at 
its best, and endeavours to rival the shunt wound direct- 


320 EARLE: ADVANTAGES OF DIRECT-CURRENT  [Manchester, 


current. motor, which, however, is just as good for the 
purpose. 


CONSTANT SPEED WITH VARIABLE TORQUE. 


This second condition occurs 11 cases where large portions 
of the load are being frequently thrown on and off; the shunt 
wound motor is all that can. be desired as regards speed on 
such work, and the current taken 1s in fair proportion to the 
load. The polyphase motor is also satisfactory as regards 
speed, but the current is high on the lighter loads ; a con- 
siderable percentage is certainly wattless current, but it adds 
up the C?R losses, and at the same time decreases the capa- 
bility of the generator for useful work, and this is а point 
which must be borne in mind when comparing a polyphase 
generator with a direct-current one. 

We have seen how a power-factor less than unity for the 
motors necessitates an increase in the size of the mains, and 
this acts in a similar manner upon the generator. If the 
current were in phase with the E.M.F. : thatis,if the power- 
factor were 1, in place of averaging, say, "85, the polyphase 
generator could do 173 per cent. more work than it would 
be able to do under the latter condition. But, again, with 
many motors working on a system, a power-factor of "85 
cannot always be relied upon, and one of "75 or even lower 
may have to be reckoned with. We see from this that the 
first cost of an installation may be considerably increased 
by this consideration, and, besides this, the wattless currents 
exercise a very bad effect on the regulation of a three-phase : 
machine, very much more so than if the currents were in 
phase, necessitating very much heavier windings on the 
magnets to deal with. a low power-factor than a high one. 


VARIABLE SPEED WITH CONSTANT TORQUE. 


This third condition is met with very frequently, for in- 
stance, when driving callenders, paper-making machinery, 
and in pumping, etc. To meet it with polyphase motors 
the regulating switches are more complicated, and to effect 
many changes of speed the groupings of the windings 
become many in number and efficiency is sacrificed ; in 
this respect the continuous-current motor is more easilv 
managed and will yield a higher mean efficiency. 
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VARIABLE SPEED WITH VARIABLE TORQUE. 


The fourth condition is especially present when driving 
calico printing machinery; an eight-colour machine, for 
instance, may be utilised for printing any desired number 
of the eight colours; the torque increasing practically in 
direct proportion to the number of rollers in use, the speed 
of printing the goods at the same time varies in accordance 
with the number of colours being printed, and with the class 
of work the machine is doing. 

For this class of work a very even turning moment is 
necessary ; one must be able to run up to any desired speed 
without jumps or jerks, and the contemplation of a three- 
phase motor arranged for high efficiency at all speeds and to 
comply with the requisite conditions, is not a taking onc. 


I have heard the point raised that for factories where 
there 1$ much inflammable dust about, a chance spark from 
the commutator might set the place on fire; but perfectly 
satisfactory entirely closed direct-current motors are at 
work, not considering the thousands on tramcars, and in 
factories of all descriptions. Fire-proof gauze covers are also 
employed for motors; these do not exclude all ventilation, 
and render the motor quite reliable even where spirit 
vapours are present. 

The facility for the use of batteries on direct-current 
systems 1s one which must receive careful consideration. 
These are continually improving in quality, give excellent 
results in the hands of those that understand them, and offer 
great advantages, both as a stand-by and as regulators ; 
they can therefore frequently be utilised to assist direct- 
current supply, and at times to effect considerable economy, 
whereas a three-phase battery has yet to be invented. 

Polyphase motors appear specially suitable for long lines 
of railway where considerable distances are travelled without 
a stop, at a uniform rate of speed, and where crossing points, 

which would complicate the conductors, do not exist, for 

beyond a comparatively limited distance high voltage must 
бе used, and then, whichever system is employed, trans- 
torming apparatus is necessary; in such instances polyphase 
supply, with polyphase motors on the train, would not call 
for rotating transformers, stationary transformers along the 
line being the simplest and cheapest arrangement. 


Mr Miller. 
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Such a system is, however, unsuitable for use in towns, 
with frequent stops and a very variable rate of speed ; besides 
this, I am sure that it would create a great commotion among 
the inhabitants of a town not тоо miles away, if it were pro- 
posed to erect two trolley wires in place of the one, which to 
some already appears distasteful. Judging from what some 
of the larger firms on the Continent are doing with respect 
to polyphase machinery, І understand that although they 
have given it the very greatest attention, they tind that 
the volume of their direct-current work exceeds that of 
the polyphase. 

I have endeavoured to consider the chief points which 
should guide us in the choice of a system for use for the 
smaller installations. 

In cases where lighting alone is required, the first cost of 
polyphase or direct-current would appear to be very similar. 
The simplicity of the latter system, both as regards the wiring 
and the regulation of the voltage, to my mind, gives direct 
current the preference. 

Where a number of motors are on the circuit, for whatever 
purpose they may be required, and whether the system іп- 
cludes lighting or not, I consider that direct current shows a 
very decided advantage except in a few special cases; 
moreover, the use of batteries 15 all but excluded with polv- 
phase systems, even for a night load, and this is frequently 
of considerable importance. І have, doubtless, to some 
minds left unsaid many things I ought to have said, and 
to others said many things I ought not to have said, but 
this may be more an advantage than otherwise, for it will 
admit of those shortcomings being criticised during the 
discussion, and may enable me to fill the gaps and correct 
my errors. 


Mr. Tuos. L. MILLER agreed with Mr. Earle in his conclusions as to 
the advantages direct-current possesses over polyphase transmission for 
small installations, and particularly where speed regulation of the 
machines was a matter of importance. Polyphase transmission had 
undoubtedly come very much to the front of recent years; but while 
the svstem һай very considerable advantages where energy was trans- 
mitted over considerable distances, where the flexibility of the system 
could be utilised to the utmost, he thought that for small installations 
direct-current transmission had, in the majority of cases, decided ad- 
vantages over it. As Mr. Earle had pointed out, in this matter—as in 
so many others that could be instanced—fashion, and that idea so 
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prevalent in some quarters that nothing good—-electrically—could be 
produced in this country, had had much to do with the spread of poly- 
phase transmission over comparatively short distances in these parts. 
Much was being said at the present time about the spread of polvphase 
transmission abroad; but the speaker thought that in many cases the 
conditions under which this work was being, or had been, carried out 
had been entirely lost sight of. А study of the published records of the 
work carried out on this svstem, both on the Continent and in America, 
showed that in the majority of instances cither cheap power or trans- 
mission over comparatively long distances, or both combined, had been 
the chief factors in determining its adoption. 

Mr. Earle's table giving the weight of copper used in the various 
systems was very interesting ; but in the majority of cases of electrical 
transmission in small installations the speaker did not think that the 
weight of copper used in conductors had much influence in determin- 
ing the system to be adopted. Where no great speed variation was 
required he was of opinion that, for small installations, a. simple two- 
wire direct-current system had much to recommend it, one of the chief 
advantages being that it could be put in charge of апу ordinary 
mechanic. 

With regard to the larger question of electrical distribution in cities, 
touched upon by Mr. Earle, he (Mr. Miller) did not think any general 
statement of opinion could be given, as so much depended upon the 
special circumstances of each particular case—and until these меге 
known it was better to suspend judgment; but for small installa- 
tions for factories, mills, and works, he cordially agreed with Mr. 
Earle in his conclusions as to the advantages of direct-current trans- 
mission. 

Мг. W. B. Sayers spoke of the great value of a delicate speed 
adjustment, with practically no loss of efficiency, such as was 
possible with shunt-regulated direct-current motors when applicd to 
machine tool driving. He pointed out that production could be 
materially increased by a careful use of this property of the direct- 
current motor. He instanced a case in which Messrs. Ganz & Co. had 
been obliged to instal two generators with different periodicities, and, 
by means of a change-over switch, arrange for any motor to have either 
periodicity applied to it, with a consequent variation of speed. 

Mr. А. P. Woop referred to the drop of pressure which he had 
observed take place in the supply circuit when а 10-H.P. polyphase 
motor was switched on to a 100-kw. generator. He had measured it— 
110 volts down to 7o volts. He then referred to the microscopic clear- 
ance in polyphase motors, and said that sooner or later failure must 

result therefrom—espccially in dusty places. 

Mr. LINDLEY said that the multiphase motor appeared to him to Бе 
an ideally perfect machine from a mechanical point of view. It was all 
very well to say that commutators did not give trouble. He was a пег 
of direct-current motors, and the trouble was very considerable. Не 

had many makes in his works, 

Mr. А. WHALLEY regretted that judgment against polyphase motors 
appeared likely to go by default at this meeting because none of the 


Mr. Miller. 


Mr. Savers. 


Mr. Wood. 


Mr. Lindley. 


Mr. 
Whallev. 


Mr Miller. 
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Such a system 15, however, unsuitable for use іп towns, 
with frequent stops and a very variable rate of speed; besides 
this, I am sure that it would create a great commotion among 
the inhabitants of a town not тоо miles away, if it were pro- 
posed to erect two trolley wires in place of the one, which to 
some already appears distasteful. Judging from what some 
of the larger firms on the Continent are doing with respect 
to polyphase machinery, I understand that although they 
have given it the very greatest attention, they find that 
the volume of their direct-current work exceeds that of 
the polyphase. 

І have endeavoured to consider the chief points which 
should guide us in the choice of a system for use for the 
smaller installations. 

In cases where lighting alone is required, the first cost of 
polyphase or direct-current would appear to be very similar. 
The simplicity of the latter system, both as regards the wiring 
and the regulation of the voltage, to my mind, gives direct 
current the preference. 

Where a number of motors are on the circuit, for whatever 
purpose they may be required, and whether the system in- 
cludes lighting or not, I consider that direct current showsa 
very decided advantage except in a few special cases; 
moreover, the use of batteries is all but excluded with poly- 
phase systems, even for a night load, and this is frequently 
of considerable importance. I have, doubtless, to some 
minds left unsaid many things I ought to have said, and 
to others said many things I ought not to have said, but 
this may be more an advantage than otherwise, for it will 
admit of those shortcomings being criticised during the 
discussion, and may enable me to fill the gaps and correct 
my errors, 


Mr. Тнов. L. MILLER agreed with Mr. Earle іп his conclusions as to 
the advantages direct-current possesses over polyphase transmission for 
small installations, and particularly where speed regulation of the 
machines was a matter of importance. Polyphase transmission had 
undoubtedly come very much to the front of recent years ; but while 
the system had very considerable advantages where energy was trans- 
mitted over considerable distances, where the flexibility of the system 
could be utilised to the utmost, he thought that for small installations 
direct-current transmission had, in the majority of cases, decided ad- 
vantages over it. As Mr. Earle had pointed out, in this matter—as in 
so many others that could be instanced—fashion, and that idea so 
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prevalent in some quarters that nothing good—electrically—could be 
produced in this country, had had much to do with the spread of poly- 
phase transmission over comparatively short distances in these parts. 
Much was being said at the present time about the spread of polyphase 
transmission abroad; but the speaker thought that in many cases the 
conditions under which this work was being, or had been, carried out 
had been entirely lost sight of. А study of the published records of the 
Work carried out on this svstem, both on the Continent and in America, 
showed that in the majority of instances cither cheap power or trans- 
mission over comparatively long distances, or both combined, had been 
the chief factors in determining its adoption. 

Mr. Earle's table giving the weight of copper used in the various 
systems was very interesting ; but in the majority of cases of electrical 
transmission in small installations the speaker did not think that the 
weight of copper used in conductors had much influence in determin- 
ing the system to be adopted. Where no great speed variation was 
required he was of opinion that, for small installations, a simple two- 
Wire direct-current system had much to recommend it, one of the сіне? 
advantages being that it could be put in charge of any ordinary 
mechanic. 

With regard to the larger question of electrical distribution in cities, 
touched upon by Mr. Earle, he (Mr. Miller) did not think any general 
statement of opinion could be given, as so much depended upon the 
special circumstances of each particular case—and until these were 
known it was better to suspend judgment; but for small installa- 
tions for factories, mills, and works, he cordially agreed with Mr. 
Earle in his conclusions as to the advantages of direct-current trans- 
Mission, 

Мг. W. В. Savers spoke of the great value of a delicate speed 
adjustment, with practically no loss of efficiency, such as was 
possible with shunt-regulated direct-current motors when applicd to 
machine tool driving. Не pointed out that production could be 
materially increased by a careful use of this property of the direct- 
current motor, He instanced a case in which Messrs. Ganz & Co. had 
been obliged to instal two generators with different periodicities, and, 
by means of a change-over switch, arrange for any motor to have either 
periodicity applied to it, with a consequent variation of speed. 

Mr. A. P. Woop referred to the drop of pressure which he had 
Observed take place in the supply circuit when a 10-H.P. polyphase 
motor was switched on to a 100-kw. generator. He had measured it— 
110 volts down to 7o volts. He then referred to the microscopic clear- 
ance in polyphase motors, and said that sooner or later failure must 
result therefrom—especially in dusty places. 

Mr. LINDLEY said that the multiphase motor appeared to him to be 
an ideally perfect machine from a mechanical point of view. It was all 
very well to say that commutators did not give trouble. He was a uscr 


of direct-current motors, and the trouble was усгу considerable. Не 
had many makes in his works. 
Mr. A. WHALLEY regretted tha 
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few experts in this country were able to be present. So far the 
discussion had ignored the chief assumption of the paper, that power 
would be generated and transformed at substations by some poly- 
phase apparatus, which meant that if direct-current motors were 
adopted, rotarv converters were needed in the substations and, in 
addition, a low-tension network. Тһе conditions which would warrant 
the adoption of polyphase motors in order to avoid the expense of a 
low-tension network and the use of rotary converters needed further 
debate. 

It appeared to him too late to discuss merely the technical merits of 
the rival systems. The matter was now a commercial one, as there was 
abundant business to be done in the world in polyphase apparatus, and 
up to the present this has been the only manufacturing country not 
competing for such business, whether due to a lack of the necessary 
commercial or technical experience, or of sufficient skilled workmen, 
or of the necessary manufacturing capital under our Нее trade 
conditions. Тһе foreign firms, whose activity has led to this paper 
being read, supplied both types of motor, and whatever might be the 
correct answer to the questions raised by the author, it would not 
reduce their competition. 

The stronghold of the direct-current motor appeared to be its 
efficiency ; but this term is unfortunate in its abuse, there being many 
definitions, nearly all of which ignore light-load losses, and none are 
complete enough to indicate the nature of the compromises which have 
been made іп the design of a motor. Prompt delivery, proper testing 
before delivery, real interchangeability of parts, and the durability of 
the motor-starting gear, in addition to the life and the efficiency of the 
motors themselves, interested purchasers, and it was not easy to get 
satisfaction on all these points. There appeared to be too many makers 
of direct-current motors in this country, 1.е., too many relatively small 
workshops manufacturing motors, judging by the success of the tew— 
vet large—foreign firms. 

Мг. W. WYLD, as опе in charge of a three-phase plant, desired to say 
a few words. One speaker had told a terrible tale of how he saw the 
voltage vary on a polyphase plant on the Continent from 150 to 70 
volts, but he had experienced nothing of that sort on his plant. He had 
some 500 Н.Р. of motors and about 400 incandescent lamps and 60 arc 
lamps, and by having this lighting pretty well balanced he did not 
experience any great variation in the voltage. His recording voltmeter 
sheets would, he thought, compare very favourably with those of апу 
public supply central station. He ran his three-phase generators in 
parallel, and had not experienced the slightest trouble in this respect; 
they ran perfectly in parallel. It was comforting to hear Mr. Lindley 
speak of the polyphase motor as being mechanically ideal. One speaker 
had mentioned the small air space in the polyphase motor as liable to 
get filled with dust, etc. He had had no trouble from this, and there was 
not much chance of dust lodging in {һе space, as the draught caused 
by the rotor will not allow it to lodge there. With regard to the 
variation of speed, there were several cranes of from five to twenty 
tons worked by three-phase motors, and he had no trouble with the 
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speed regulation. This regulation was only used for short periods, so 
that the inefficiency of which so much has been said was not nearly so 
serious as was supposed. With regard to the paragraph in which Mr. 
Earle said that most of the Continental manufacturing firms are now 
engaged more on continuous than polyphase plant, he thought there 
was а general consensus of opinion among the members of {һе Institu- 
tion who visited Switzerland last year that the Continental firms were 
more engaged upon polyphase plant, and in Mr. Fedden's Sheffield 
report, which had already been mentioned, it was stated that the 
German firms were more engaged on polvphase, particularly two-phase, 
than on continuous-current plant. In conclusion, he wished to express 
his certaintv that had they adopted continuous instead of three-phase 
current the plant could not have given better results, even if it had 
given as good as had been obtained. 

Mr. H. EARLE, in reply, regretted that those interested in three- 
phase systems had not been morc strongly represented in the discussion. 
He was much gratified that Mr. Miller,. who, he knew, had carefully 
compared the two svstems, agreed with him in the general conclusions 
he had drawn. Mr. Sayers’ remarks as to the value of shunt regulation 
were very important, and he had himself adopted this economical 
method to increase the speed as much as 25 per cent. without unduly 
increasing the cost of the motor, and it admitted of very fine regulation 
without large resistance. 

With regard to Mr. Wood's remarks respecting the small clearance 
in polyphase motors, this varied considerably, and it appeared to him 
that the difference allowed in the air-space by manufacturers was largely 
the cause of the varying power-factors met with. 

He could not agreed with Mr. Lindley that continuous-current 
motors gave trouble, for if they were of good design and received proper 
attention they were to be entirely relied upon. 

Мг. Whalley's contention that all unnecessary complication should 
be avoided was a right опе; first costs had, however, to be considered, 
and where high-tension transmission and low-tension supply ‘were 
adopted three-phase and direct current would have to be combined, 
till three-phase motors of a high power-factor were produced and they 
were so improved that they could compete on an equal footing with 
direct current. | 

Firms in this country had naturally turned their attention to that for 
which there was the best market, the necessary technical experience 
was available to take up any system which might prove to be the best, 
but up to the present time direct-current distribution had held its own 
against its rival. 

He could not agree with Mr. Whalley respecting the unreliability 
of tests and figures of efficiency ; these matters were most carefully 
attended to by all good firms, and it was only by attention to such 
matters that improvements in design could be effected, and makers were 
willing and able to supply motors to the strictest specifications. 

Mr. Wyld's remarks were interesting, and he quite agreed that 
three-phase installations gave every success, though his examination of 
the subject had convinced him that when all points were considered 
direct-current offered many advantages. 


Mr. Wyld. 


Mr. Earlc. 
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THE REGULATION OF THE POTENTIALS TO 
EARTH OF DIRECT-CURRENT MAINS. 


By ALEXANDER RUSSELL, M.A., Member. 


Iutroduction.—The regulation of the potentials to earth 
of the mains of a three-wire system of supply has become 
a subject of pressing importance, owing to the general 
adoption of higher pressures of supply. So long as the 
pressure between the outers of a three-wire system of supply 
was not greater than 250 volts, it was of no great import- 
ance what the pressure to earth of any of the mains was, 
as it was necessarily less than the Board of Trade limit of 
250 volts. In this case it is inadvisable from the station 
engineer's point of view to alter the potentials of the mains 
to earth as, owing to electrical laws, they always assume the 
potentials that make the energy wasted in leakage currents 
a minimum. When, however, the difference of pressure 
between the outers is greater than 250, it 1s necessary to 
take reasonable precautions so that the potential from earth 
of any main may never rise for any lengthened period above 
250 volts. 

Mr. Wordingham has recently discussed the regulation 
of the potentials of the mains іп his paper, “Оп the Main- 
tenance of Certain Portions of Distributing Systems at 
Earth Potential,’ read at the Cardiff Convention of the 
Municipal Electrical Association, in the Summer of 1900. 
He there gives a clear description of certain causes which 
tend to lower the insulation resistance of the negative outer 
of a three-wire system. 

For this reason the potential of the positive outer from 
earth is generally much higher than the difference of 
pressure between adjacent mains. In a large three-wire 
system, for example, the potentials of the mains are тоо, 85, 
and —20 volts from earth respectively. If the pressure of 
supply were doubled, it is obvious that some method of 
lowering the potential of the positive outer would have to 
be adopted. 

It will be instructive, therefore, to consider how these 
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potentials depend on the fault resistances of the mains, and 
what methods should be adopted for regulating them. И 
is a prevalent opinion that the measurement of the insu- 
lation resistance of a distributing network is a difficult 
process. It is in reality a very simple process, and many 
easy methods of doing it will be found described in Mr. 
Raphael's book on “Тһе Localisation of Faults in Electric 
Light Mains.” Another erroneous idea is that a knowledge 
of the insulation resistance of a network is of little import- 
ance. This is not the case, as it gives us definite informa- 
tion. It tells us, for example, that the power being wasted 
in leakage currents is less than a certain amount, and it also 
places a superior limit to the values of the leakage currents. 
As the Board of Trade rightly insists that the leakage current 
must not exceed a certain maximum value, any short way 
of finding a maximum possible value to the actual leakage 
currents is of importance, for if this maximum possible be 
less than the Board of Trade limit, the network obviously 
satisfies the regulations. 

Fault Resistance.—By the fault resistance of а main we 
mean the resistance of all those stray paths from it to earth 
which do not pass through the other mains. Suppose the 
shunt coil of а badly insulated meter to be connected 
between the positive and the middle main, and suppose 
the potential of the latter to be positive, then the resistance 
of the leakage paths from this shunt coil to earth will all be 
credited to the fault resistance of the positive outer. И, 
however, it were connected between the negative outer and 
the middle, then some of the leakage paths of the shunt 
coil would be credited to one main, and the remainder to 
the other. We shall see later that an alteration in the fault 
resistance of the positive main will alter the potentials of 
them all, and theoretically will alter the fault resistances of 
the other two, owing to the point of zero potential on the 
wires connecting the middle and negative mains shifting. 

Again, theoretically speaking, every time a switch is turned 
on or off the fault resistances will be altered. When we 
say, then, that the fault resistances of the three mains are 
fu fa and f, respectively, it must be borne in mind that 
they may vary at different times of the day. 

Insulation Resistance.—-If f, fa and f, be the fault 
resistances of the three mains, and Е be the insulation 
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Iutroduction.—The regulation of the potentials to carth 
of the mains of a three-wire system of supply has become 
a subject of pressing importance, owing to the general 
adoption of higher pressures of supply. So long as the 
pressure between the outers of a three-wire system of supply 
was not greater than 250 volts, it was of no great import- 
ance what the pressure to earth of any of the mains was, 
as it was necessarily less than the Board of Trade limit of 
250 volts. In this case it 16 inadvisable from the station 
engineer's point of view to alter the potentials of the mains 
to earth as, owing to electrical laws, they always assume the 
potentials that make the energy wasted in leakage currents 
a minimum. When, however, the difference of pressure 
between the outers is greater than 250, it is necessary to 
take reasonable precautions so that the potential from earth 
of any main may never rise for any lengthened period above 
250 volts. 

Mr. Wordingham has recently discussed the regulation 
of the potentials of the mains in his paper, *On the Main- 
tenance of Certain Portions of Distributing Systems at 
Earth Potential, read at the Cardiff Convention of the 
Municipal Electrical Association, in the Summer of 1900. 
He there gives a clear description of certain causes which 
tend to lower the insulation resistance of the negative outer 
of a three-wire system. 

For this reason the potential of the positive outer from 
earth 18 generally much higher than the difference of 
pressure between adjacent mains. Іп a large three-wire 
system, for example, the potentials of the mains are 190, 85, 
and —20 volts from earth respectively. If the pressure of 
supply were doubled, it is obvious that some method of 
lowering the potential of the positive outer would have to 
be adopted. 

It will be instructive, therefore, to consider how these 
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potentials depend on the fault resistances of the mains, and 
what methods should be adopted for regulating them. Ц 
I5 а prevalent opinion that the measurement of the insu- 
lation resistance of a distributing network is a difficult 
Process. It is in reality a very simple process, and many 
easy methods of doing it will be found described in Mr. 
Raphael's book on “ The Localisation of Faults in Electric 
Light Mains" Another erroneous idea is that a knowledge 
of the insulation resistance of a network is of little import- 
ance. "This is not the case, as it gives us definite informa- 
tion. It tells us, for example, that the power being wasted 
in leakage currents is less than a certain amount, and it also 
places a superior limit to the values of the leakage currents. 
As the Board of Trade rightly insists that the leakage current 
must not exceed a certain maximum value, any short way 
of finding a maximum possible value to the actual leakage 
currents is of importance, for if this maximum possible be 
s than the Board of Trade limit, the network obviously 
Satishes the regulations. 
ж, Кезїйапсе.—Ву the fault resistance of a main we 
2. bs resistance of all those stray paths from it to earth 
ип! os pass through the other mains. Suppose the 
а of a badly insulated meter to be connected 
the Se, Positive апа the middle main, and suppose 
of the i of the latter to be positive, then the resistance 
credited 4 | paths from this shunt coil to earth will all be 
Banga: | ше fault resistance of the positive outer. |f, 
the mj ddle 5. connected between the negative outer and 
coil would А еп some of the leakage paths of the shunt 
the other 2. to one main, апа the remainder to 
resistance 2 d shall see later that an alteration in the fault 
them all. and = positive main will alter the potentials of 
the athe: Ta eoretically will alter the fault resistances of 
Wires Ен. to the point of zero potential on the 
Again, Шой {һе middle and negative mains shifting. 
On or off d speaking, every time a switch is turned 
Say, then, that э resistances will be altered. When we 
ЕРЕ f € fault resistances of the three mains are 
they may бы respectively, it must be borne in mind that 
Insulation” и times of the day. 
resistances = 2... А, fa and f, be the fault 
€ three mains, and F be the insulation 


-~ ---- т 
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resistance of the network, then F 15 defined by the 
equation— 


We should expect Е to remain approximately con- 
stant in practice, for when a switch 1$ turned on 
between the positive and the middle, some of the leakage 
paths are taken from one main and given to the other. 


— ; I I 
А may be diminished and у, increased, but F + 
1 J2 
would remain approximately constant. Where, however, 
P M N 
2 2 @ 
4 ; 5 


р As D222272772272222 Е D SIDE LLS E И 77 
£ 
FiG. т. 


a double-pole switch is used for a leaky circuit, then, of 
course, F is diminished when the switch is turned on. 
The Potentials of the Mains.—Let fi, fa and / be the 
fault resistances of the three mains P, M, and N (Fig. 1). 
Let also Vi, Va, and V, be their potentials. 
Then, by Kirchhotf's Jaw— 


Ytp Уа У... 


If V be {һе Р.О. between Р апа M and also between М 
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and N, then, since the dynamos maintain these Р.О. 
constant— 


V,=V2+V) ( 
V,=V—Va! . . . . . . 


2) 


Substituting for V; and У. from (2) іп (1), we easily find 
V;in terms of V, f, f, and f, and hence from (2) we 
also find V, and V3. 

Graphical Construction for the Potentials of the Mains.— 
Draw a line PN (Fig. 2) and таке РМ = ММ = V. 


Spb 
E 

"hp O 

омы. 


қыз 


Ес. 2. 


I I I 
Place particles of mass +, =, and 


| Л’ Ја h | 
respectively. Find their centre of gravity G. Taking 


moments about G, we see that— 
PG, МС NG 
А Во 
Also РС= МС + V) 
And МС = У ~ МС} 


at P, M, апа М 


Comparing these equations with (1) and (2) above, we 
see that PG = V, МС = V, and NG = V, 

In general, if we have » mains whose fault resist- 
ances are fi, Jz fz... and whose P.D.'s are maintained 
at V, У, V", ... respectively, then the potentials of the 
mains are given by the following construction. Draw a 
straight line and mark off along it points Р,, Pa P4 ... 
whose distances apart are V, У’, V", ... Place particles 
I I I 
fi? fa’ fy? 7 


and let G be their centre of gravity, then— 


of mass at P, Pa P ... respectively, 


V,=P,G, V, =Р. С, оо 


Measurement of Insulation Resistance.—Read the voltage 
to earth of the middle main by means of an electrostatic 
voltmeter. Connect the middle main to earth by an 
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ammeter іп series with a resistance. Let У„ be the 
initial reading of the voltmeter and У’, the reading when 
the middle wire is earthed. Let also C be the reading 
on the ammeter, then— 


_ У — V5. 


E C 


Example.—Initially V; was 112. When the middle was 
earthed, C was equal to 3°5 amperes and V’, was 8 volts, 
hence— 


35 
= 297 ohms. 


Proof of Foriuula.—Let PG, MG, and NG (Fig. 3) 
represent the initial potentials of the mains. We have 


P M 8' & N 


I 1 I 
А fa fa 


placed at P, М, and М respectively. We can replace 


seen that G is the centre of gravity of masses , and 


these masses by a mass P placed at С. Suppose now 


that а resistance t is connected between the middle 
and earth, then to hind the new potentials we have to 


hnd the centre of gravity G' of masses - at M and 


at G. 
Taking moments about G'— 


I 
F 


MG' GG’, 

x Е 
Ма Vae Va 
yo F 


But u is the current through the ammeter (C), hence— 


Me VE 


2 С 
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Another Method.—When У, is small, it is often more 
convenient to earth the positive outer through a resistance 
x. Let C be the current in this resistance, then we can 
prove in exactly the same way as we did the preceding 
formula that— 


Е 


cM PME. 
ЕЕ C 


Keeping Down the Potential of the Positive Outer by 
Earthing it or the Middle Main through а Resistance.— 
Suppose that we connect the positive outer to earth 
through a resistance x. To find the new potentials, we 


have to find the centre of gravity of masses = апа - 


placed at P апа С respectively (Fig. 4). 


e 
а 


M а’ 


D 


вІ- 
ы > 


FIG. 4. 


Taking moments about С’, we have— 


У. — У’, VV. 
Е EB. 


But 


ы - ? is obviously the current through x, hence— 


№, — VU = FC, 


where C is the current in the artificial leak. 

Again, to find the resistance х to be put in between 
the positive outer and earth in order to lower the poten- 
tial of each main by г volts, we have— 


If there was a dead earth on the negative outer, the 
: 7 

maximum current through the resistance + would be ae 
Similarly we can show that if we earth the middle 
VOL, XXX, 22 
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wire through a resistance x, and if the current flowing 
through it be C, then— 


Hence, as before— 
У, — №", = Е.С. 


To lower the pressure, therefore, by т volts, the 
resistance of the earth connection of the middle wire 
must be alg ohms. Тһе current that will flow in it 
4) 
F 
of the outers, the greatest current through the earth 


will be amperes. If there is a dead short on either 


. : V 
connection will be , amperes. 


Example.—Suppose that initially У, = 300, V; = 100, 
and V4 — — roo volts, and suppose also that F — 10 ohms. 
It is required to calculate the resistance x of the earth 
connection to be put (1) between the positive outer and 
earth, and (2) between the middle main and earth, in 
order to reduce the pressure of the positive outer to 250 
volts. 

(т) By the above formulæ— 


, — 100 + 200 — 50 
= 
= 50 ohms. 


. IO 


[n this case, if the negative outer were dead-earthed, the 
greatest current through x would be 8 amperes. 

(2) When x is put between the middle and earth, then 
to lower the potential 5o volts we must have— 


_ 100 — 50 


50 


= 10 ohms. 


‚ ТО 
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If either of the outers be short-circuited, the maximum 
possible current through x is 20 amperes. 

The expenditure of power in the first case would be 
greater than in the second by VC watts, ie, by a 
kilowatt. This, however, might be utilised at the station. 

The Energy Expended in Earth Currents in the Mains 
of Distributing Swstems.—The algebraical expression for 
this energy is— 


If we use the graphical construction shown in Fig. 2, 
it is— 

PG? MG? №6, 

л № J3 


Now if we regard the position of G as variable, then by 
a well-known statical theorem this expression is a minimum 
i, 1, and а 
Л’ Л Л 
placed at P, M, апа М respectively. But we know that 
this is how {һе potentials adjust themselves in practice, 
and hence they adjust themselves so that the energy 
expended is a minimum. This theorem is true for 
1-wire systems. Let x be the potential of the positive 


outer, then the energy expended in leakage currents is— 


when G is the centre of gravity of masses 


ха (х-- У), (х-У-У’? 
— Ф i Б— + .... 
Á {ЖаШ 7. 


Now by Kirchhoffs law— 


But by the Differential Calculus, this is the condition 
that— 


а М) У-У) 
F ӯ, + F, Б» % 


should be a minimum, hence the theorem follows. 


+ 
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Again— 


V2 Ул, V3? (У + Va)? | Хау 
Л te ГА о ++ ЛЗ 


ATs 
Now if we connect the middle wire directly to earth, 
the power expended in earth-leakage currents 1S » + X 
The loss of power in earth currents has therefore ы 
increased Бу т In the example given above, V2 is 100 


and F is ro, hence the extra power lost by earthing the 
middle wire is a kilowatt. In some of the older 1oo-volt 
three-wire systems, F is only two or three ohms, and 
there have been cases where it has even been less. In 
these cases the loss of power entailed by earthing the 
middle wire would be appreciable. 

If we earth the middle wire through a resistance +, 
then the new values of У, and Е are given by the 
equations— 


and— 


Therefore the increased loss of energy in this case is— 


LORTE (241) 0 VUE 
Е TV (Е + x)? "К+ 

Effect of Earthing the Middle Main through а Battery.— 
Suppose that the middle main is at positive potential. 
Connect the negative pole of a battery to it (Fig. 5) and 
the positive pole through a resistance to earth. Let E be 
the E.M.F of the battery, and let x be the resistance from 
the middle main to earth through the battery. Then by 
Kirchhoft— 


уһ, У’ " УакЕ _ V3} 
Л Ja x = 
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Exactly as before we can show that if we draw a line 
PMN and make PM=MN=V (Fig. 6), and also 


> І І І І 
МХ=Е, then, if | 1 L апа lat 
, еп, lI WC P асе masses fi ү ГА ап h 


P 


M N 
2 [ | 
£- 
{ ҒА 5 


5 


ғ 


Еіс. 5. 
P, X, М, and М respectively, and if we find С’ the 
centre of gravity of these masses, then— 
= РС’; У, =МС’; and У, = NG'. 


Let С be the centre of gravity of E E and n so that 
Љ Ја „Ўз 


Р x M а” а М 
а Йа — Ве ames 
4 4 
2 F 


FIG. 6. 


we may suppose E placed at G, then— 


PG=V,; MG=V.; and Мб = V, 
Taking moments about G'— 
о. 


Е X 
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Hence— - 
v E 
\ = I - (a) 
F*x 


(5) 


We have supposed that E is acting in the same direction 
as У, If we connect the battery so that E opposes У, 
then we shall have to alter the sign of E in formule 
(a) and (5). 

Formula (a) shows us that by means of a battery we 
can lower the potential of the mains more rapidly than 
we could by means of the resistance x alone. If we 
choose E so that it is equal to АУ», and x so that it 
equals & F, where А is any number, then V’, will be zero. 
For example, if V; equals 50 and F equals тоо, then making 
E equal to 25 and x equal to 5o, we could reduce the 
middle wire to zero potential." In this case the current 
through the battery would be half an ampere, and the 
power it would be giving out would be 12°5 watts. In 
general, when the middle wire is at zero potential, the 


current through the earth connection will be ve amperes, 


and if there is a battery in this circuit, the power it will be 
expending will equal ЕЗ. 

In several cases in practice it appears to be desirable 
to keep the middle main negative to earth. This can be 
done by a battery as above, or by connecting the positive 
outer to earth through a resistance. Тһе expenditure 
of power in the earth connection in the latter case is 
to its expenditure іп the former case as V — e is to 
Е-е, where —e is the potential of the middle main. 
Another way of keeping the potential of the middle wire 
negative would be to use a motor-dynamo, the motor 
terminals being connected across the two outers and the 
dynamo terminals being in series with the earth connec- 
tion of the middle wire. 
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Partial Earthing of the Outers—One of the most 
effectual methods of regulating the potentials of the mains 
would be to connect the middle to earth through a very 
small resistance, and to have two variable resistances 
connected between the outers and earth. In the event of 
an earth occurring in either outer, then by cutting down 
the resistance between the other outer and earth we could 
regulate the potentials. In the case of a bad earth, con- 
siderable power would have to be expended in earth 
currents, and as these currents might cause serious damage, 
either by starting a fire or electrolytically, we shall consider 
the values of the leakage currents that are at present con- 
sidered allowable. 

Leakage Ситкеніз.--П is important to notice that all the 
methods described of preventing the potentials of the mains 
trom rising above 250 volts increase the leakage currents to 
earth. As these currents are always flowing, it is desirable 
to keep them as small as possible owing to the electrolytic 
damage they may do. In the Board of Trade conditions 
for the approval of earthing it is provided that a record of 
the current to earth through: the earth connection shall be 
kept, and that if at any time it exceeds the one-thousandth 
part of the maximum current of supply, immediate steps 
shall be taken to improve the insulation of the system. 
Now the current that is measured in this case is the 
difference between the leakage currents from the positive 
and negative mains. ІҒ the fault resistances of the whole 
three mains be very bad, as has sometimes happened owing 
to the insulating rubber having become rotten, yet if the 
fault resistances of the two outers be nearly equal, then the 
current in the earth connection may be very small, or it 
may even be zero. A better rule would be to insist that 
the insulation resistance “Е” of the network, when the 
earth connection is removed, must always be above a 
certain amount. In order to get an idea of what this value 
of“ F” should be, we will: discuss the eighth of the Board 
of Trade Regulations (A). This regulation is as follows :— 

* 8. Maintenance of Insulation.—The insulation of 
every complete circuit used for the supply of energy, 
including all machinery, apparatus and devices forming 
part of, or in connection with, such circuit, shall be so 
maintained that the leakage current shall not under any 
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conditions exceed one-thousandth part of the maximum 
supply current ; and suitable means shall be provided 
for the immediate indication and localisation of leak- 
age. Every leakage shall be remedied without delay. 

“ Every such circuit shall be tested for insulation at 
least once in every week, and the undertakers shall 
duly record the results of the testings. 

“Provided that where the Board of Trade have 
approved of any part of any electric circuit being 
connected with earth, the provisions of this regulation 
shall not apply to that circuit so long as the connection 
with earth exists." 

Now for a two-wire system this rule is clear. И pro- 
ceeds on the assumption that the permissible leakage power 
must always be the same fraction of the total output. In 
other words, if we double the pressure of supply (the output 
remaining the same) ‘the lowest permissible value of the 
insulation resistance 15 · increased four times. Hence 
systems of supply are treated equitably from the fire-risk 
point of view. The systems, however, that use lower 
pressures are allowed to have larger leakage currents, and 
in the course of time the electrolytic damage done by them 
may be appreciable. It 1s desirable also that even when 
systems are dead-earthed through a connection, that this 
connection should be removable, so that the insulation 
could be tested once a week. 

When we come to apply the above rule to three-wire 
networks we are met with the difficulty that the determina- 
tion of ft, f; and f, is not easy, and hence there 15 no simple 
rule to give us the earth-leakage currents from the three 
mains. There is also no practical method of determining 
the leakage currents that do not pass through earth. What 
we can determine easily is F the insulation reststance to 
earth of the network, and the potentials V,, V; and У, of the 
three mains. Тһе question then arises, having given the 
potentials of the mains and the insulation resistance of the 
network, can we determine the maximum possible value of 
any one of the earth-leakage currents, and the maximum 
possible value of the leakage watts expended in producing 
them? If we know these maximum values, then we can fix 
on a minimum permissible value to “F” in any given case. 
Of course it would be more satisfactory actually to deter- 
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mine the values of Л, / and fj, but the ordinary methods 
are tedious and not very accurate in practice. 

Let V be the P.D. between adjacent mains, V, the 
potential of the middle. main, and “Е” the insulation 
resistance of the network. We have to find out what the 
maximum possible earth current is in this case. И is 
easiest to do this graphically. Looking at Fig. 2 we see 

I 


that G is fixed, and so also is the sum (=) of the three 


: Na 
masses. We want to find when —? is a maximum. Now 


this is the moment about G of the mass at N, and we have 
therefore to find the maximum value of this moment. It 
obviously has its maximum value when the mass at M is 
zero. In this case— 


And therefore— 


им X | 
= id 2V . . . e e (1) 


С max. = 


Similarly, if С min. be the smallest value that the 
greatest of the earth currents can have in any given case, 
then— 


C min, = —4—.up. 0... .(2) 


Again, since P the leakage watts expended in earth 
currents is given by the equation— 


ду và 
В Л 
Р тах. = D =2VC max.. . . . (3) 
And— 
P min. = nO =) zs VIO mine жа 14) 


Suppose now that we earth the middle wire of this 
system through a resistance of x ohms. Тһе new potential 
Уға of the middle wire will be given by— 
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V am Vail пер" ‚ (5) 
And it 1$ easy to show that, 
C max. — (v — v.) a E 
-(У- ұта) зү 202020206) 
Cmin. = (У - LV.) 5. 22022020209 
Р max. y — pr. мі ӨР ра & ы ^ш, 2038) 
P min. = “р ре. ‘2 Á— ж О) 


In the particular case when the middle wire is dead- 
earthed, then— 


C max. — Ма а жж жш & TO) 
C min. = F. оон а 
Р тах. = E ; . (12) 
Р шіп. = m ЖО x. CES) 


The above formulae show that whether we earth the 


"am 
middle wire or not, E and a fortiori Е Ва superior 


2 
limit to an earth current, and that M is a superior limit to 


the power expended in earth-leakage currents. This latter 
result is known and is proved in another manner in a paper 
by the author on “Insulation Resistance and Leakage 
Currents,” which appeared in the Electrician, vol. 41, p. 


206. 
The following numerical examples ond how these 


results can be applied in practice :— 

(т) The maximum output of a three-wire direct-current 
station with 200 volts between the outers is 3,000 kws. 
What is the lowest insulation resistance which would ensure 
that no earth-leakage current is greater than the thousandth 
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part of the maximum supply current, the potential of the 
middle main being 20 volts ? 

In this case V = roo, У, = 20, the maximum current of 
supply is 15,000 amperes, and therefore— 


C max. - 15. 


Substituting these values in formula (1)— 


s — 82, 120 
5—F 20’ 
". Е = 32 ohms. 


And from (3)— 
P max. = 3 kws. 


Suppose now that the middle wire was dead-earthed, 
then from (10)-- 


100 + 20, 
15 = 72 Е » 
Е = 4 ohms 


And from (12)— 
P шах. = 2'5 kws. 


(2) Suppose now that the pressure was increased so that 
the Р.О. between the outers was 500 volts, what must the 
insulation resistance be in this case ? 

Supposing that the output is the same as in the last 
case, then since the voltage has been increased: 22 times the 
maximum earth current must not be greater than 6 amperes, 
and F must be (2:5)? times as great as in the last example, 
i.c., 20 ohms. When the middle wire is dead-earthed, then 
F must be greater than 25 ohms. 

In practice, however, the maximum output would be 
increased 6:25 times, and the maximum permissible earth 
current would therefore be 37:5 amperes. Hence the 
insulation resistance of the network need only be the same 
as when there was 200 volts between the outers. The 
lowest permissible value of “Е” would therefore be 372 
ohms, and when the middle was earthed 4 ohms. Most 
electricians would regard these values as too low. 

(3) The potentials of the mains of a three-wire direct- 
current system аге 300, 100, and — 100 volts respectively, 
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and its insulation resistance is 10 ohms, between what 
limits must (a) the greatest of the earth currents and (b) 
the power expended in earth currents lie? If the middle 
wire be earthed through a two-ohm resistance, what are 
now these limits, and what are the new potentials of the 
mains ? 
By formule (т), (2), (3), and (4) we at once prove 
that— 
С тах. = 7'5 amperes. ^ Р шах. = 3 kws. 
C min. = 5 amperes. P min. = 1 kw. 
Again from (5)— 
"EE. 
SED NC 
— 1677 volts. 
Ме = 2107, V'5 = 167, and V’; = — 1833. 


y 
У, 


By formule (0), (7), (8), and (9)- - 


C max. — 1375. P шах. = 3°83 kws. 
C min. = 0717. © P min. = 1:83 kws. 
7 
The current in the earth connection = x 
— V2 
“Еа 


= 8:33 amperes. 


(4) The potentials of the mains of a three-wire direct- 
current distributing system are 100, 85, апа —20 volts 
respectively, and Из insulation resistance is 25 ohms 
Find the limits between which the earth currents to tht 
negative main must lie, and alse the limits for the leakage 
power. 

By the formule 


Е 1052 — 852 

С тах. = 199 209 ш 724 amperes. 
210 X 25 

"P Sz x 20 

C min, 2-7. = 648 
105 x 255 


Whatever the values of the fault resistances may be, the 
leakage current to the negative main lies in value between 
6:48 and 7°24 amperes. 


ва — қаны іше 
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Also, P max. = 1:52 kws. and P min. = 0°68 kws. 

lf we were to earth the middle main, then the current 
to the negative main would lie between 38 and 34 
amperes, апа the power expended in leakage earth 
currents would lie between 441 and 357 kws. Тһе 
current in the earth. connection also would be 34 amperes. 
In this case there would be obviously nothing to gain by 
earthing the middle wire. On the contrary, the current 
to the negative would now be doing five times the 
amount of electrolytic damage, and we should be wasting 
about three kilowatts all the year round. 

The Board of Trade Regulation (A. 8) was framed to 
meet the danger of fire-risk, and is а scientific rule 
founded on certain assumptions as to the laws that 
govern the progress of electric lighting. When we аге 
considering three-wire or five-wire systems, however, it 
IS dificult to apply it, and the raising of the pressure 
of the supply and the enormous growth of supply net- 
WOrks have brought other considerations to the front. 
The danger to the public now lies rather from possible 
shocks or from the corrosion of pipes by leakage currents. 
The rule for the insulation resistance of the various 
Private installations looks after the fire-risk. 

It might be advisable in the best interests of the 
electric lighting industry to have a return taken of the 
и resistance of all the three-wire networks іп this 
i ih By what has been shown above, the mere 
ш 2. of V, and F need only take a few minutes, 
ке s € done from any point on the network when the 
the hel 2. from the middle main is removed. № ith 

E г. : is formulze given above, a simple rule might 
the den evised. which would safeguard the interests ot 

Іс and be acceptable to station engineers. 


S 
poi ттағу.--Тһе following are the most important 
ints in this paper :— 


I . 
"s А Braphical method of finding the potentials of the 


simplifies th their fault resistances. This construction 
2) im. я roof of тапу important theorems. | 
(3) А diss е method of measuring insulation resistance. 
Potential oí Figs of various ways of keeping down the 
OWever, eff с positive ощег. АП of these methods, 
б 27е this by increasing the leakage currents. 
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and its insulation resistance is 10 ohms, between what 
limits must (а) the greatest of the earth currents and (0) 
the power expended in earth currents lie? If the middle 
wire be earthed through a two-ohm resistance, what are 
now these limits, and what are the new potentials of the 
mains ? 
By formule (т), (2), (3), and (4) we at once prove 

that — 

С тах. = 7'5 amperes. ` Р тах. = 3 kws. 

C min. = 5 amperes. P min. = 1 kw. 


Again from (5)— 
i MN V y 
Mere Ta 
= 1077 volts. 
VV = 21675, V'; = 167, and У = —183°3. 


2 


By formule (6), (7), (8), and (9)- - 


C шах. = 1375. P max. — 383 kws. 
C min, = 9717. ӘР min. = 1°83 kws. 
u 
The current in the earth connection — E 
= V2 
“кі: 


= 833 amperes. 


(4) The potentials of the mains of а three-wire direct- 
current distributing system аге 100, 85, and —20 volts 
respectively, and its insulation resistance is 276 ohms. 
Find the limits between which the earth currents to the 
negative main must Пе, and also the limits for the leakage 
power. 

By the formule— 


С max, = => — с = 724 amperes. 
210 X 25 

a еі 85 x 20 

C min, = 53 X. — 0 = 6°48 j 
105 x 25 


Whatever the values of the fault resistances may be, the 
leakage current to the negative main lies in value between 
648 and 7:24 amperes. 
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Also, P max. = 1:52 kws. and P min. = 0°68 kws. 

lf we were to earth the middle main, then the current 
to the negative main would lie between 38 and 34 
amperes, and the power expended in leakage earth 
currents would lie between 4°41 and 357 kws. The 
current in the earth connection also would be 34 amperes. 
In this case there would be obviously nothing to gain by 
earthing the middle wire. On the contrary, the current 
to the negative would now be doing five times the 
amount of electrolytic damage, and we should be wasting 
about three kilowatts all the year round. 

The Board of Trade Regulation (A. 8) was framed to 
meet the danger of fire-risk, and is a scientific rule 
founded on certain assumptions as to the laws that 
govern the progress of electric lighting. When we are 
considering three-wire or five-wire systems, however, it 
is difficult to apply it, and the raising of the pressure 
of the supply and the enormous growth of supply net- 
works have brought other considerations to the front. 
The danger to the public now lies rather from possible 
shocks or from the corrosion of pipes by leakage currents. 
The rule for the insulation resistance of the various 
private installations looks after the fire-risk. 

It might be advisable in the best interests of the 
electric lighting industry to have a return taken of the 
insulation resistance of all the three-wire networks in this 
country. By what has been shown above, the mere 
measurement of У, and Е need only take a few minutes, 
and can be done from any point on the network when the 
earth connection from the middle main is removed. With 
the help of the formule given above, a simple rule might 
then be devised which would safeguard the interests of 
the public and be acceptable to station engineers. 

Summary.—The following are the most important 
points іп this paper :— 

(1) A graphical method of finding the potentials of the 
mains from their fault resistances. This construction 
simplifies the proof of many important theorems. 

(2) A simple method of measuring insulation resistance. 

(3) A discussion of various ways of keeping down the 
potential of the positive outer. АШ of these methods, 
however, effect this by increasing the leakage currents. 
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(4) When the middle main is earthed through а 
connection, it ought always to be removable, so that the 
insulation resistance could be accurately found. 

(5) A discussion of the allowable leakage currents. 
Knowing V, V, апа F, it is shown that the maximum 
earth current must lie between certain limits. These 
limits and the limits for the leakage watts expended in 
earth currents are given when the middle wire is earthed 
through a resistance of x ohms. 

(6) When the potential of the positive outer is above 
250 volts, then the higher the insulation resistance of the 
system the easier it is to keep it down to 250 volts. If it 
be required to reduce the potential of the outer by v volts, 
then if we connect the middle to earth through a resistance 
of ш F ohms, this will be done, and the current in this 


e 


ў ; 1 
earth connection will be p amperes, 
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(4) When the middle main is earthed through а 
connection, it ought always to be removable, so that the 
insulation resistance could be accurately found. 

(5) A discussion of the allowable leakage currents. 
Knowing V, Va and F, it is shown that the maximum 
earth current must lie between certain limits. These 
limits and the limits for the leakage watts expended in 
earth currents are given when the middle wire 15 earthed 
through a resistance of ж ohms. 

(6) When the potential of the positive outer is above 
250 volts, then the higher the insulation resistance of the 
system the easier it is to keep it down to 250 volts. If it 
be required to reduce the potential of the outer by v volts, 
then if we connect the middle to earth through a resistance 


Jes 
of Уа E "FR ohms, this will be done, and the current in this 


А : " 
earth connection will be = 


F 


amperes. 


JOURNAL 


OF THE 


Sustiution of Electrical Engineers. 


Founded 1871. Incorporated 1883. 


The Three Hundred and Fifty-sixth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, January roth, 1901—Professor 
JOHN PERRY, F.R.S., President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
December 20th, 1900, were read and confirmed. 


The Secretary read the following letter from Colonel 
Crompton :— 


* THRIPLANDS, 
* KENSINGTON COURT, 
« W. 
* December 28th, 1900. 
“The Secretary, 
“Institution of Electrical Engineers, 
“28, Victoria Street, 
‘Westminster. 
** SIR, 

* [ have the honour to acknowledge the receipt of your letter of 
December 2oth, in which you inform me of the Resolution proposed 
by Mr. Alex. Siemens, and carried by the Institution, congratulating 
the Corps of Electrical Engineers on their South African services. I 
will take steps to ensure that every member of the corps is acquainted 
with the kind action of the Institution in this matter. 

“In return, on behalf of the Officers, Non-Commissioned Officers, 
and Sappers of the corps, I beg to thank the Institution, not only for 
their kind expressions of sympathy with us, but also for all they have 
done for us in the past, which has been of most material assistance to 
us in rendering our services of use to the country. 

“Very faithfully yours, 
* R. E. CROMPTON, 
“Lt.-Col, Е.Е.” 


Тһе names of new candidates for election into the Insti- 
VOL. XXX. 98 


346 TRANSFERS. [ Jan. 10th, 


tution were announced, and it was ordered that the list 
should be suspended in the Library. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associate Members to that of 
Members— 


Frederick William Anthony William Stevenson. 
Knight. " Stephen John Watson. 


From the class of Associates to that of Members— 
Henry Walter Jenvey. 


From the class of Associates to that of Associate 
Members— 


Gerald Ricketts Blackburn. Cyril Napier Probyn Raikes. 
William Brew. Noel Burn Rosher. 

Arthur Blackburn Child. R. J. Jocelyn Swan. 

Julian A. Halford. Robert Naudin Tweedy. 
Gilbert J. Lloyd. John Walton. 


Richard Wightman. 


From the class of Students to that of Associates— 


John Ticrnay Callaghan. Francis Samuel Miller. 
Fred Leslie Cruikshanks. - John Leslie Morris. 
Mostyn R. Gardner. Frederick Walter Purse. 
Benjamin Handley. W. A. Quennell. 

Frank John Hawkins. C. T. Stephenson. 
Bernard Hopps. Clement Erskine Vines. 
Elias Marcuson. Andrew Cyril Weber. 


Donations to the Library, Building Fund, and Benevo- 
lent Fund were announced as having been received since 
the last meeting :—To the Library from Mr. H. W. Lindley, 
Мг. Е. С. Mawbey, and Мг. Н. W. Jenvey, Associate. То 
the Building Fund from Messrs. W. Duddell, John Rann, 
Capt. Jackson, J. E. Stewart, J. Е. С. Snell, С. Bauer, А. E. 
Levin, Alfred Hay, Thomas Mills, Dr. du Riche Preller, 
К. А. Dawbarn, A. Rutherford, К. W. Fiddian, S. Roget, 
W. H. Shephard, A. Stroh, A. A. C. Swinton, H. W. Young, 
Е. A. Glover, Joshua Shaw, E. Percy Harvey, Francis 
Milton, F. W. Topping, F. H. Nicholson, J. M. Donaldson, 
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Algernon Burton, W. М. Rolph, W. Sankey, W. Golledge, 
L. R. Morshead, John T. Haynes, Н. |. Humphreys, Frank 
S. Miller, А. С. Jeffreys, W. |. Cooper, А. B. Crinks, J. M. 
Smyth, А. C. Makovski, L. Redmayne, E. D. Morgan. To 
the Benevolent Fund from Sir David Salomons, and Messrs. 
А. E. Levin, О. M. Andrews, S. Roget, A. Stroh, E. Percy 
Harvey, W. С. Shee, Killingworth Hedges ; to whom the 
thanks of the meeting were duly accorded. 


Messrs. Е. Н. Varley and С. C. Allingham were ap- 


pointed scrutineers of the ballot for the election of new 
members, 


The President announced that the following had been 
appointed the Committee of the Birmingham Local Section 


for the ensuing year : 
OFFICERS AND COMMITTEE ОЕ THE BIRMINGHAM LocaL SECTION. 


Chairman : Professor Oliver Lodge, D.Sc., F.R.S. 
Vice-Chairman: Henry Lea. 


Committee: 
F. Brown. Capt. Н. К. Sankey. 
A. Coleman. W. E. Sumpner, D.Sc. 
A. Dickinson. R. Threlfall, F.R.S. 
G. S. Ram. J. C. Vaudrey. 

W. Wyld. 


Hon. Secretary : D. K. Morris, Ph.D. 


The PRESIDENT: I have to announce that the Inaugural 
Meeting of the Birmingham Section will take place on 
Wednesday, January 23rd. Your President and the Secre- 
tary will, of course, attend that meeting. 1 also announce 
to you the formation of our first Local Section in India, the 


Calcutta Local Section of the Institution of Electrical 
Engineers, 


It was, further, announced that the Council had agreed 


Че for the Present, the areas of three local sections should 
© as follows ... 


Birmingham : The counties of Staffordshire, Warwick- 
shire, and Worcestershire. 
Dublin . 


twe 
Sta 


An area defined by a circle with a radius of 
nty-five miles from Dublin (with the under- 
nding that in special cases where a more distant 
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member proposes to attend the meetings of the 
Section, such cases should be specially considered 
by the Committee of the Section, and the member 
claimed if it is thought right). 

Newcastle-on-Tyne : The counties of Northumberland, 
Durham, and Cumberland, with the town of 
Middlesbrough and Cleveland District. 


The following paper was then read :— 


THE USE OF ALUMINIUM AS AN ELECTRICAL 
CONDUCTOR, WITH NEW OBSERVATIONS 
UPON THE DURABILITY OF ALUMINIUM 
AND OTHER METALS UNDER ATMOSPHERIC 
EXPOSURE. 


Ву JOHN B. C. KERSHAW, F.I.C. 


I. INTRODUCTION. 


The high price to which copper has been forced in 
recent years by a combination of natural and artificial 
causes—a combination which it is unnecessary to discuss 
in this paper—has led to a renewed interest in aluminium 
as a substitute for copper in electrical power transmission 
schemes. 

Ten years ago the price of aluminium was 8s. 4d. per lb. 
and its use as a substitute for copper for electrical purposes 
even with the latter metal at £80 per ton, was therefore 
economically impossible. The purity of the metal manu- 
factured in the early days of the electro-metallurgical 
process, by which the whole of the supply of the metil 
is now produced, was also variable; and it is only within 
the last few years that the improvements in the process of 
manufacture, in their relation to the quality and price 0! 
the metal produced, have brought aluminium within the 
practical range of the electrical engineer as a substitute for 
copper. | 

The following table shows that the price of aluminium 
has fallen and the quality has improved with increasing 
output, each year since 189o, when the present electro: 
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metallurgical process of manufacture was first adopted in 
this country. 


TABLE І. 


WORLD PRODUCTION AND AVERAGE PRICE OF ALUMINIUM, EACH 
YEAR кок THE PERIOD 1890-1900. 


( 
: | Production in | TAE "A , | 
Yea. і Metric Tons of | E Th. in ok | Quality.? | 


ДЕІН 2,204 lbs. 1 | | | 
1800 | 165 | КК | | 
EINE MEINEN | | 

= зу 0 | | 

| | (‘93 о 164 % | 

1893 715 | 37 | Silicon, *32 to 

| (166% Шоп | 

| 1894 | 140 | 30 ! 

08 1,418 274 
1896 1,789 | 20 

| "9 | 334 Ш 

| 02 to 13 %! 

1898 | 4,033 | 16! | Silicon, 712 to | 

| | "22 % Iron 

| 1899 | 5,000 161 


4” 
| (Estimated) 


П, RELATIVE COSTS OF COPPER AND ALUMINIUM. 


In order - = 
copper 2. compare the price of aluminium with that of 


о make al used for conducting purposes, it is necessary 
aluminiun lowance for the fact that the Specific Gravity of 
that its e $ rather less than one-third that of copper, and 
from onductivity for wires of equal sectional area is only 
followin ч Per cent, that of the more common metal. The 

5 formula is useful for calculating the relative prices 


of e 
EE len 5 of bare conductors of the two metals, of 
electrica] capacity :— 


SxPxc 
хрх С 


| From The Mineral Industry, vol. viii., 1900. 
O1ssan’s tests, Comptes Rendus, 1898. 
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In this S, P, and C represent the Specific Gravity, Price, and +: 
Conductivity of Copper, while s, p, and c represent the +: 
corresponding values for aluminium. E 

Taking the most reliable values for the physical constants == = 
of the two metals, and the most recent market prices, — 
namely— 


- 8:93 ЕЯ 2:68 
ead IOO C exams 59 : 
P capua £91 per ton | p ......... £224 per ton у 


and inserting these іп the formula given above, we obtan .. 
the following price ratio :— Ж 


2:68 x 224 x 100 ^ 1000. Al. ч) 


Expressing this ratio in another manner, £798 expended =% 
upon copper will equal £1,000 expended upon aluminum =: 
for the same length of wire of equal carrying capacity; and — ——: 
aluminium is, therefore, much the dearer metal of the two. ТШ 

Special rates are, however, offered where large диап 1 
of aluminium are taken in rod or wire form for electrical 
purposes, and in the United States large quantities of the 
new metal have been sold at 29 cents рег lb. = £135 рег 
ton.! 

Using this figure in the formula given above, the cost 
ratio for conductors of equal length and equal carry 
capacity becomes— 


8:03 X QI X 59 1325 


2°68 x 135 x тоо 10007 Al. 


and copper is seen to be the more costly material. 


ПІ. INSTALLATIONS OF ALUMINIUM IN THE UNITED STATES 
AND IN THE UNITED KINGDOM. 


The low price at which aluminium is being sold /27 
conducting purposes in America therefore explains the 


: Messrs. T. Bolton & Sons inform the writer that in this country 4170 
per ton is quoted for large orders of the wire. 
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readiness of electrical engineers in that country to adopt 
the new metal. It may be explained here that at present 
there is no talk of using aluminium for insulated con- 
ductors; the greater sectional area of the metal for equal 
carrying capacity (1:68 : гоо) rendering it impossible to 
use it for such covered conductors, until it has fallen to 
a much lower price relative to copper. 

The following are the particulars of some of the bare 
aluminium transmission lines already completed across the 
Atlantic. | 

At Niagara Falls there are two aluminium transmission 
lines; the one conveying current from the generating 
station to No. 2 Works of the Pittsburg Reduction Com- 
pany, and the other conveying current to the Chlorate 
Works of the National Electrolytic Company. Both these 
lines are short, and are stated to be working satisfactorily. 
Together they transmit 4,000 H.P. 

The Hartford Electric Light and Power Company have 
an aluminium line between their generating station at 
ТагіНуШе, and Hartford—-a distance of 11 miles. About 
2,000 H.P. is transmitted at 10,000 volts pressure by the 
three-phase system, over this line. The diameter of the 
stranded cable used is $ inch, and it weighs about 1,500 lbs. 
per mile. 

The aluminium transmission line of the Snoqualmie 
Falls Power Company has been frequently described in 
the technical press. It runs between the Falls and the two 
towns of Tacoma and Seattle. Its total length is 34 miles. 
When the scheme is completed, 10,000 to 12,000 H.P. will 
be transmitted by this line at a pressure of 29,000 volts. 
The aluminium used has been alloyed with 1} per cent. 
of copper, and the increased tensile strength of this alloy 
has enabled spans of 120-150 feet to be safely used. 

The Blue Lakes Power Company have an aluminium 
line in use between their power-house at Blue Lakes, and 
Stockton—a distance of 36 miles; т,ооо Н.Р. being trans- 
mitted by the three-phase system at a pressure of 25,000 
volts. The line originally erected has been replaced by one 
of greater carrying capacity, and 1,000,000 lbs. (446 tons) of 
the metal have been used for the new line. At 29 cents 
per lb. this represents an outlay of £60,400 (or £1,677 per 
mile) for the metal alone. 2 
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One of the most interesting of the power transmission 
schemes in U.S.A. for which aluminium is used, is that of 
the Telluride Power Company. This Company generates 
current at Provo, іп Utah, and distributes it over ап 80-mile 
circuit to the mines at Mercur and at Tintic. 2,000 Н.Р. 
was originally transmitted at 40,000 volts, but plans for 
increasing this amount of power are being proceeded 
with, and it is intended later to use а pressure of 
60,000 volts. 

Other Power Companies in America, іп connection 
with which aluminium is used, or is about to be used, in 
place of copper, are the following :— 


1. North Yuba Power Company, supplying 1,000 Н.Р. 
to Sacramento from a generating station 63 miles 
distant. 

2. The Municipal Supply Company, supplying 2,000 
H.P. to Orillia, Ontario, from a generating station 
at Ragged Rapids, 18 miles distant. 

3. The Big Cotton-Wood Power Company, supplying 
Utah with 500 Н.Р. 

4. The Standard Electric Company. The Company 
has been floated to develop a scheme for supplying 
San Francisco from a generating station in the 
Sierra Nevada Mountains, 150 miles distant. The 
success of this project depends upon the possibility 
of using and maintaining the proposed pressure of 
60,000 volts. It has been decided to use aluminium 
cables for the scheme ; and estimates have been 
prepared. 


Іп addition to the power-trausmission lines named 
above, aluminium is being used in place of copper for 
conducting purposes by the Waxahachie Electric Light 
Company, of Texas; by the North-Western Elevated Rail- 
road Company, of Chicago; by the Kansas City and 
Leavenworth Electric Railroad Company ; and by'the 
Manhattan Elevated Railroad Company, of New York. 
For telephonic and similar purposes it is in use by the 
Pennsylvania Railroad Company, by the Pacific States 
Telegraph and Telephone Company, and by the New York 
Telephone Exchange. Іп this country the Northallerton 
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One of the most interesting of the power transmission 
schemes in U.S.A. for which aluminium is used, is that of 
the Telluride Power Company. This Company generates 
current at Provo, іп Utah, and distributes it over an 80-mile 
circuit to the mines at Mercur and at Tintic. 2,000 H.P. 
was originally transmitted at 40,000 volts, but plans for 
increasing this amount of power are being proceeded 
with, and it is intended later to use a pressure of 
60,000 volts. 

Other Power Companies in America, in connection 
with which aluminium is used, or is about to be used, in 
place of copper, are the following :— 


I. North Yuba Power Company, supplying 1,000 H.P. 
to Sacramento from a generating station 63 miles 
distant. 

2. The Municipal Supply Company, supplying 2,000 
Н.Р. to Orillia, Ontario, from a generating station 
at Ragged Rapids, 18 miles distant. 

3. The Big Cotton-Wood Power Company, supplying 
Utah with соо Н.Р. 

4. The Standard Electric Company. Тһе Company 
has been floated to develop a scheme for supplying 
San Francisco from a generating station in the 
Sierra Nevada Mountains, 150 miles distant. The 
success of this project depends upon the possibility 
of using and maintaining the proposed pressure of 
60,000 volts. It has been decided to use aluminium 
cables for the scheme ; and estimates have been 
prepared. 


In addition to the power-transmission lines named 
above, aluminium is being used in place of copper for 
conducting purposes by the Waxahachie Electric Light 
Company, of Texas; by the North-Western Elevated Rail- 
road Company, of Chicago; by the Kansas City and 
Leavenworth Electric Railroad Company ; and by'the 
Manhattan Elevated Railroad Company, of New York. 
For telephonic and similar purposes it is in use by the 
Pennsylvania Railroad Company, by the Pacific States 
Telegraph and Telephone Company, and by the New York 
Telephone Exchange. In this country the Northallerton 
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Electric Lighting Company have four miles, and the 
British Aluminium. Company, at their Foyers Works, have 
several miles of aluminium in use for various purposes; 
and the Post Office authorities are making experimental 
trials of the metal for long-distance telephonic communi- 
cation. 

The difficulty of soldering aluminium has been sur- 
mounted in most of these schemes by using mechanical 
Joints, the MacIntyre sleeve-joint being that usually adopted. 
In one ог two cases, as at Niagara and at Northallerton, 
soldered-joints have been made, but the writer doubts 
whether these will prove as satisfactory. 

This summary of the chief installations of aluminium as 
an electrical conductor іп the United States and in this 
country, shows that considerable progress has been made. 
In time the metal, if it be found to possess the requisite 
durability, may become an important rival of copper in this 
new field of usefulness. 


IV. DURABILITY OF ALUMINIUM AND OTHER METALS 
UNDER ATMOSPHERIC EXPOSURE. 


The old idea that aluminium was absolutely proof 
against attack by all agents excepting alkalies and hydro- 
chloric acid is now known to be incorrect ; and Ditte in 
communications made to the Academie des Sciences! has 
shown that aluminium is easily attacked and corroded by 
аг and water under certain conditions. It is therefore of 
considerable importance to inquire whether these conditions 
аге present when aluminium is used as a bare conductor for 
overhead lines, and is exposed to all the varieties of weather 
that we experience in the course of the four seasons of the 
year. In America electrical engineers are conducting this 
inquiry in the usual American fashion ; and their installa- 
tions of aluminium for transmission lines in California and 
other places, are in reality large scale experiments which, if 
unsuccessful, will cause heavy losses to fall upon those who 

ave been financing these undertakings. 

In order to obtain independent and reliable figures 
concerning the effects of exposure upon aluminium, the 


* Comptes Rendus, March-April, 1899. 
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writer, since October, 1899, has been carrying out two series 
of observations in the North of England. The samples of 
aluminium used are in rod and wire form, and were kindly 
placed in the writer's hands by Messrs. T. Bolton & Sons, 
of Oakamore Wire Works, and by the British Aluminium 
Company. In order to make the investigation more com- 
plete, the inquiry was extended to all metals and alloys 
used for electrical conductors, and samples of copper, 
tinned copper, and of galvanised iron wire were also sent to 
the writer by Messrs. T. Bolton & Sons. It is a curious 
fact that there would appear to have been no previous 
scientific observations upon the durability of these metals 
or alloys under atmospheric exposure ; and the choice of 
the ‘metal or alloy for overhead wires in any particular 
district has apparently been settled by custom rather than 
by scientific knowledge. 

The methods of observation adopted by the writer in his 
experiments were as follows :— 

The rods and wire were cut into 2-feet lengths, and 
were mounted upon glass insulators in two frames, so that 
their position was parallel one to the other, and horizontal 
with regard to the ground. 

Fig. 1 is a reproduction of a photograph of one of these 
frames containing the sample wires. The frames carrying 
the wires were so placed that the drops of water collecting 
upon the wires in wet weather could not by any chance pass 
from one wire to another, and thus bring electrolytic action 
into play. Each length of wire was carefully marked and 
weighed before commencing the exposure, and the weights 
recorded. Тһе one frame with its nine insulated sample 
wires was exposed upon the roof of a building іп St. Helens, 
Lancashire, from October 11th, 1899 to August 23rd, 1900 ; 
and the second frame was similarly exposed at Waterloo, 
Lancashire, for the same period of ten months. 

The climate of St. Helens is probably too well known to 
need description; but it has improved considerably in recent 
years, owing to the closing of several chemical works. Тһе 
place in. which the wires were exposed is now singularly 
free from chlorine and hydrochloric acid gases. 

Waterloo is on the Mersey, six miles north of Liverpool, 
and its atmosphere 1$ that of an ordinary west-country sea- 
side town, plus much sand. During the exposure period 
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of ten months the frames were not touched or moved. At 
the end of this period the wires were removed from the 
frames, cleaned from the soot and dirt of all kinds which 
had accumulated upon them, and after thoroughly air- 


drying, were re-weighed. The results are set forth in 
Table II. 


TABLE II. 


RESULTS OF EXPOSURE TESTS OF ALUMINIUM AND OTHER WIRES. 


Waterloo Set ; то Months. St. Helens Set ; 10 Months. 
| т апа = | + 
| ‘orm of Sample. + = Gain) ® CTS 
| = ІЗ , | + = Gain) -5 ИТҮЕ 
= = 105} Remarks. ee бе, 2 Remarks. 
| 524 Б 
| Га ЕКА S єз ы тате ы == с 
| Рег cent | These 5 samples] Per cent. These 5 samples 
, Aluminium Rod No. 1 ...... nil were all pitted, + ‘27 || Were very badly 
i РА тал NO. eds +13 | especially оп + `1 | pitted. Dirt had 
ің the under sides, : | settled in their 
Aluminium Wire No. т...... +41 where water- + '83 1 corrosions and 
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The above figures show that the aluminium wires and 
rods had nearly all gained in weight during the ten months' 
exposure, the gain varying from nil up to '83 per cent. on 
the weight of the original wire. This gain must be attri- 
buted to the corrosion of the rods and wires, and to the 
settling of soot and dirt in the crevices. No amount of 
scrubbing would remove this dirt. The weights of these 
aluminium rods and wires were therefore of very little use in 
determining how far they had suffered by the exposure, and 
the two samples of aluminium wire marked No. r in Table II. 
were submitted to conductivity, and tensile strength, tests.t 
The results are given in Table III. 


* These tests were made by the Faraday House Testing Institution. 
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TABLE III. 


TESTS OF ALUMINIUM WIRE FOR CONDUCTIVITY AND TENSILE 
STRENGTH. 


Tensile Strength ; tons per 


RH | 
Conductivity ; Copper 100. | square inch. 


— — —- — | 


Original wire ............ 5r3 13-16 


Waterloo sample ......... 5I'4 | 12°06 


St. Helens sample ...... 466 IUIS 


It has been customary to assume that the aluminium wire 
supplied for electrical purposes had a conductivity of from 
57-63 per cent. that of copper, taking equal sectional areas 
of the two metals. The following figures were in fact sent 
to the writer with the samples of aluminium wire used in 
some of these experiments. 


Conductivity ; Tensile 


` Wire. composition: Copper 100. M inh | 
т. Коа ! 98'994 per cent. АІ. | 60-62 16-18 tons | 
2. Wire | 99 per cent. Al. 65 13-16 tons | 
3. Wire | 99 per cent. Al. 1 per cent. Fe. 62 16-18 tons 


і 


Samples 2 and 3 were, however, submitted to independent 
tests for conductivity, before exposing, and it was found that 
in place of conductivities of 65 and 62 per cent., they only 
possessed conductivities of 51 per cent. and 54 per cent. 
respectively. It is, of course, known that pure aluminium 
has a conductivity 63 per cent. that of copper ; and the Jow 
conductivity of these samples can only be explained by the 
presence of iron, or other metals, introduced to increase 
their strength. Тһе conductivity tests supplied bv the firm 
in question were evidently based on surmise, not on actual 
results. 

The tests given in Table III. show that although the Sf. 


' This test was supplied by the firm from whom the wire was obtained, 
and it is therefore not strictly comparable with the others. 
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Helens wire had gained іп weight, yet considerable loss A 
conductivity and tensile strength had resulted from i 
exposure and consequent pittings. The Waterloo Ы dis 
although pitted to a less extent, had not lost in con B 
tivity; and the tensile strength had probably not suffere : 
although in the absence of a special test of the nee 
Wire it is impossible to be quite certain on this point. | е 
remains of these two sample wires are here on the table for 
examination by those interested in the subject, and E 
graphs of the more badly corroded wire are also exhibite Я 

Examining Table 11. again, in order to study the results 
obtained with the remaining wires, we see that both in 
Waterloo and in St. Helens the galvanised iron wires had 
lost in weight ; the losses in the latter case being serious ч 
amounting to 1°44 per cent. and 2°13 per cent. of the origina 
weight of the wires. In this case almost the whole of ш 
zinc had been dissolved away by the action of the acid gases, 
and the exposed iron was badly oxidised. The two Waterloo 
samples were, on the other hand, bright and clean, and to 
the eye did not appear to have suffered. 

he copper and tinned copper wires exposed at Waterloo 

Were oxidised on the surface ; but no pitting had occurred, 
and there was neither loss nor gain in weight. The two 
samples of similar wire exposed at St. Helens had both lost 
in weight (1-65 and I'31 per cent. respectively), and as the 
Whole of the tin had been dissolved off the tinned copper 
Wire, it was Impossible to distinguish one from the other. 


V. CONCLUSIONS. 


db Perhaps unwise (о found апу general conclusions 
upon the results of these observations, since they refer to 
two districts Only. The British Isles can afford a very wide 
and ample Selection in the way of climates. It would, of 
course, be interesting to have similar series of observations 
established in London, and in one or more of our large 
4 manufacturing population—say Manchester, 
unable to j Sheffield ; but at the moment the writer is 
that € to establish these. The investigation, however, proves 

a the aluminium wires at present sold for conducting pur- 
dete is Country are not perfectly resistent to atmo- 
pee corrosion, and that in the atmosphere of a town 


cities with 
4550%, o 
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where sulphurous acid gas exists as an impurity in the air 
the metal is very badly attacked. 

Though St. Helens is certainly an exceptional town, it is 

probable that in any large town burning a large amount of 
coal, either for domestic or for manufacturing purposes, the 
atmospheric conditions will approach those obtaining there, 
and that the various metals will be attacked to a somewhat 
similar degree. 
- Under such conditions all metals used for overhead соп- 
ductors are subject о attack, and aluminium is unsuitable for 
use, owing to the pitting which occurs. In such towns it is 
advisable to use copper for all overhead wires, and the pro- 
posal to use aluminium, especially for overhead trolley lines, 
must be condemned. 

In country districts or in small towns, where the im- 
purities present in the air are reduced to a minimum, all 
metals experimented with seem to be fairly durable, but the 
slight pitting of aluminium which occurs—even in such an 
atmosphere, may prove serious; for by allowing the lodg- 
ment of small particles of foreign matter it may in time lead 
to the disintegration of the whole mass of metal. 

Upon this point the researches of Ditte, already alluded 
to, are of importance. 

The observations are being continued at the two localities 
named, and on a future occasion the author hopes he may 
have the pleasure of presenting further figures on this subject 
for your consideration. 


The PRESIDENT: I have a communication here, which 
is, I believe, the very first communication that the Director 
of the National Physical Laboratory, Dr. R. T. Glazebrook, 
has sent to any meeting like this :— 


“THE NATIONAL PHYSICAL LABORATORY, 
“Ото DEER PARK, 
* RICHMOND, SURREY, 


* Fanuary 9, 1901. 
“DEAR SIR, 


* I had hoped to have been present at the meeting of the Insti- 
tution to-morrow night, but fear I shall be unable to come. It occurr ed 
to me on reading Mr. Kershaw's paper that it might be thought 
desirable to repeat and extend his very interesting observations on 
the relative durability of aluminium and other metals for certain elec- 
trical purposes. If this is the case, I shall be glad to endeavour to 
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arrange to have such experiments carried out at the Natural Physical 
Laboratory, and shall welcome the advice and assistance of any 
members of the Institution interested in the matter. 
‘Yours truly, 
«В. Т. GLAZEBROOK." 


‚ I believe I have heard that Lord Kelvin is making pretty 
large experiments on this subject, and that he has spread 
some aluminium wires to find out their durability some- 
where in Scotland—at Foyers, I believe. 


Mr. J. GavEv : The Post Office has, for about twelve months, had 
under consideration the desirability of carrying out certain experiments 
with aluminium wire, and the reason why they were deferred for such 
along period was the difficulty in obtaining a suitable soldered joint. 
Old telegraph engineers, whose memories carry them back to the period 
before the invention of the Britannic joint, have a great horror of un- 
soldered joints ; and before we undertook to carry out experiments we 
deferred our trials, at all events until something in the nature of a satis- 
factory soldered joint could be obtained. "The question of soldering 
seemed to be solved so far as the mcre soldering of joints was con- 
cerned, but unfortunately the heat that was necessary for the soldcring 
annealed the wire and reduced its strength by exactly 50 per cent. 
Ultimately, not to delay the experiments any longer, we arranged to 
run out the wires in the full length of the coil, to erect each coil of wire 
on an insulator, and to solder the joint in a little loop; so that the 
annealing of the wire itself had no injurious effect on the strength of 
the portion that was suspended. We have now obtained something 
like 18 or 20 miles, and about 15 miles of this wire were erected in the 
Potteries, near Hanley. We thought that was a very suitable place to 
expose it for a crucial trial. The wire handled very well, but our first 
experiment has not been very promising. We erected 15 miles of the 
wire early in December, and within about a fortnight of that time a heavy 
gale of wind blew across the country, and there were about eight or ten 
breaks in these spans that were erected. Тһе wire that was put up 
weighs 75 lbs. to the mile ; its approximate diameter is 1:24 millimetres ; 
its breaking strain was 340 lbs., which, being reduced to tons per square 
inch, came out at 12:568 tons ; it stood ten twists in three inches ; its 
maximum resistance per mile was 6:158 ohms, and its specific resistance 
came out at 2:974 ohms. І do not want to make too much of this, and 
it is perhaps a little too early to come to any conclusion on the subject, 
beyond, perhaps, this: that it is quite possible that, either in the prc- 
paration of thc billets or in the rolling or drawing of the wires, therc 
were places which were either very crystalline or which differed in 
character from the remainder of the wire. I think, carrying back our 
experience to the original use of hard-drawn copper wirc for telegraph 
and telephone circuits, we met with considerable difficulties in obtain- 
ing exactly the quality of wire that we asked for. It was very difficult, 
in the first place, to meet the rather stringent specifications of the Post 
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Office, but our English manufacturers—and I am glad to say this, after 
all the obloquy that has been heaped upon them—came to the front, and, 
after considerable expenditure, they did succeed in meeting our require- 
ments. No doubt in the manufacture of aluminium wire, when a little 
more experience has been obtained, similar success will attend the 
efforts of manufacturers. You may take it for what it is worth, that the 
first trials have not been quite so satisfactory as we hoped for. I should 
have added, perhaps, reference having been made to San Francisco, 
or rather to California, that I had the pleasure of a conversation with Mr. 
Sabine, the President of the Pacific Telephone and Telegraph Com- 
pany, about six months ago. He had erected a considerable length of 
aluminium wire for telephonic purposes, and he told me that the line 
had been subjected to breaks of a somewhat similar character to those 
that we have experienced, and for which they could not exactly 
account. 7 
Мг. SWINBURNE : In this paper there is one very important point 
which is not very fully dealt with, and that is the question of the purity 
of the aluminium. A very small portion of any foreign metal in 
aluminium will probably lower the conductivity, and therefore throw 
the price-ratio wrong ; that is to say, a very little further purification 
of the aluminium will probably make its current-carrying power 
greater, so that the price-comparison is altered. А very little further 
purification will also probably prevent the corrosion. The three chic 
impurities in aluminium are sodium, which is about the worst element 
you possibly can have, from the corrosion point of view ; silicon, which 
probably also gives rise to corrosion ; and iron, which perhaps does nol 
matter, except as to resistance. The manufacturers of aluminium are 
continually improving it, and therefore there is considerable hope m 
that direction. But the next difficulty, which Mr. Gavey has also men- 
tioned, was the question of soldering. Nearly all the aluminium alloys 
are unstable if they have much aluminium ; that is to say, the aluminium 
allovs with a lot of the other metal and a little aluminium are generally 
good ; also with a lot of aluminium and a little of the other metal they 
are generally good. But the aluminium alloys with about equal propor- 
tions of one metal and aluminium are very curious; they are neany 
always unstable, and very many of them tumble to powder without 
being touched. It is quite easy to solder aluminium, but the solder 
does not necessarily last more than two or three months, which 152 
most annoying thing. It has struck me—I have been told that I am 
wrong, but I have never been told why—that there is à practical 
difficulty if you use a solder that is not nearly all aluminium, because И 
you use any other solder there must be a surface cutting the joint some 
where that is in the unstable condition, and that suríace is probably 
what breaks. Mr. Kershaw says that he thinks aluminium is hopeless 
for insulated conductors. I do not think that is altogether so. It rather 
bears, perhaps, on the next paper, but it may be interesting to point 00 
what I mean now. Aluminium is chiefly used for overhead conductors. 
When you get a very high pressure on an overhead conductor, yoo 
must remember that the slope of the potential varies as the distance 
from the centre, so that it is very great just near the surface of Ше 
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metal, and the higher the potential and the smaller the lead the greater 
the fall. The result is that when you get up above 20,000 or 30,000 
volts with a small conductor, if you look at it in (he dark you will 
sce discharges going on all over it. Тһе air is breaking down, and 
is getting, as it were, torn. That means waste of power, and these 
leaks for very high pressurés become very serious. "Therefore alu- 
minium is better than copper, unless you make the copper into a tube. 
It is probable that it will be cheaper to use, considering how near they 
are in price, a big aluminium wire than a copper tube. The same thing 
comes in when you are dealing with insulated conductors for high 
pressures. It may quite happen with a large power-transmission that 
either a copper tube must be used for the central, or else aluminium ; 
and in that case you have no further chance of corrosion. It is quite 
possible that aluminium may be exceedingly important, even in covered 
conductors, in large enginecring schemes. 

Professor GEORGE FORBES (communicated): In reference to Mr. 
Kershaw's paper on the use of aluminium as an electric conductor, I 
beg to quote the following passage from a letter written to me by the 
vice-president and treasurer of the Niagara Falls Power Company, and 
dated Niagara Falls, N.Y., December 20, 1900: “We are building our 
second line to Buffalo with aluminium cables, and shall furnish 5,000 
H.P. to the Pan-American Exposition beginning April rst." 

In the same connection I may mention that I have had exposed 
at Fettercairn, Kincardineshire, two aluminium conductors, each 
} inch diameter and 200 yards long, one for eighteen months and the 
other nearly three years—the one being of aluminium from Neuhausen, 
the other from Foyers. Both of these are in a perfectly good 
condition. 

Mr. E. Ristort_ (communicated): The Company in which I am 
interested is, of course, quite as anxious as any one else to prove 
conclusively whether aluminium can advantageously be adopted as an 
electrical conductor, and on this point we may remark that during the 
last three or four years, the Company has had several miles of 
aluminium wire and strip working for telephone, lighting, and power 
transmission purposes at Foyers, and that up to the present, we have 
not had any trouble with these installations, either electrically, on 
account of the conductivity being lower than that calculated for, or 
mechanically, from breakdowns due to the weather, which is not of the 
best in that locality. Morcover, I should mention that this plant was 
not erected in the nature of an experiment, as we were already 
convinced of the suitability of aluminium for the purposes required, 
but for permanent and heavy work, and, as I say, the results have been 
in every way satisfactory. The metal used was that which we are 
turning out at our factory, and I am arranging some experiments with 
a view to ascertaining the present conductivity of some of these wires, 
which have now been in use for several years, and I hope to com- 
municate the results to the Institution later. 

The figures given in Mr. Kershaw's paper representing thc 
conductivity of his specimens as being between $1 per cent. and 54 per 
cent. that of copper, I must say are very much below those obtained 
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for commercially pure aluminium, such as is being produced at the 
present time, which show that it has a conductivity of from бо per 
cent. to 65 per cent, as compared with copper of equal section. We 
have no doubts upon this point, which has been confirmed by experi- 
ments executed under Lord Kelvin, and by the well-known firm of 
Messrs. Thomas Bolton & Sons, and others. 

Of course Mr. Kershaw does not say anything as to the analysis of 
the wires he experimented with, which materially lessens the value of 
his results. We have also remarked that, in the case of one of the wires 
he tested, the conductivitv of the aluminium was slightly greater after 
ten months’ exposure to the atmosphere of a manufacturing town than 
it was at the beginning of the experiment, which certainly seems 
to show that the metal was not affected injuriously. 

In conclusion, the point which we wish to maintain, and are also 
prepared to prove, is that aluminium averaging 98$ per cent. to 99$ per 
cent. purity, has a conductivity of from 62 per cent. to 65 per cent. that 
of copper, and that this conductivity is not appreciably affected by 
exposure to the atmosphere whether of town or country. 

On the whole, therefore, we consider that Mr. Kershaw's paper, 
besides tending to do harm to this industry, is also misleading in its 
results, so that we are anxious to put the matter in its true light. 

Мг. W. GIBBINGS (communicated): I have read this paper with 
much pleasure, as the subject is one of growing interest to both 
engineers and metallurgists, and one which will doubtless occupy the 
attention of both very considerably in the near future. Despite the 
enormous reduction in the cost of producing aluminium, concurrently 
with the enhanced price of copper, it is evident from the data supplied 
by the author of the paper that the difference in prime cost alone, 
precludes the use of aluminium for bare conductors. For covered 
conductors, the use of the metal is quite hopeless. Taking the price of 
ordinary gauge copper wire at £91 per ton, Тоо per cent. conductivity, 
and the conductivity of aluminium at 524 (as found by Mr. Kershaw), 
the maximum price at which the latter metal could compete with its 
rival would be 

5ХРхс 
SxXxc 59 


Should, however, the price of aluminium fall to this, its physical 
properties still render it an undesirable substitute for copper. It is 
certain that, at least in vitiated atmospheres, the corrosion which takes 
place is considerable. | This is shown by the sample tested at St. 
Helens, which, although fairly constant in weight, lost during the trial 
47 in conductivity, a clear indication of corrosion and waste. Оп the 
other hand, although the data given by the author relating to the 
copper wire is not conclusive (in the absence of conductivity tests of 
these wires after exposure), yet the small loss in weight on the wires 
experimented on at St. Helens would seem to imply less corrosion 
than was suffered by the aluminium wires. 

With either metal I should expect the corrosion and waste to be 
greater on first exposure, as the dirt accumulated and the oxide formed 
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would probably protect the wires to some extent after long use. All 
these points can only be determined by a lengthened exposure and 
frequent tests. 

Tinning copper wire intended for use inva bad atmosphere, 
especially near chemical works, is apparently а waste. "This is only 
what might be expected, seeing that there is always present in the 
atmosphere of such localities hydrochloric acid and frce chlorinc. 

In comparing the relative valuc of copper and aluminium for 
electrical conductors, it should not be overlooked that, whilst the 
conductivity of aluminium has a downward tendency, due to the 
necessity of using a strengthening alloy, the conductivity of copper is 
increasing by improved methods of manufacture. My company is 
now delivering as a regular thing copper of ror per cent., and occa- 
sionally 102 per cent. is reached. The tensile strength is also increasing, 
and is now considerably above the requirements demanded by the Post 
Office specification. 

With aluminium, thc use of mechanical joints, which appear to be 
the most satisfactory, must, on long lines, materially affect the resistance 
of such linc. 

Mr. KERSHAW, in reply (communicated): Тат gratified to learn from 
Professor Glazebrook's letter to the President of this Institution that he 
considers the question of the corrosion of aluminium and other wires 
under atmospheric exposure of sufficient importance to warrant the 
commencement of exposure tests at the new National Physical Labora- 
tory at Kew. 

I have stated in my paper that it would be interesting to have a 
series of observations carried out in different localities, and, I therefore, 
hail Professor Glazebrook’s offer with satisfaction. It will be instructive 
to compare the results obtained at Kew, with the commercial samples of 
wire, with those I have obtained in Lancashire. 

With regard to the President’s statement that Lord Kelvin is 
carrying out some exposure tests with aluminium conductors in the 
North, I may say that I was not aware of this fact. Professor Forbes 
has, however, instituted some practical tests of this character in 
Scotland, and possibly these are the observations to which Professor 
Perry alludes. 

Mr. Gavey, to whom I am much obliged for his information con- 
cerning the Post Office trials of aluminium, has referred to the difficulty 
met with in making satisfactory joints with the new metal. I suppose 
Mr. Gavey is aware that in America a mechanical sleeve-joint is 
generally adopted, and that it is giving most satisfactory results. А new 
method of “autogenous soldering "-—or welding—has also recently 
been brought out and patented by Heraeus of Hanau, and at the Paris 
Exhibition a wire 5 feet long, made up of twelve separate pieces joined 
together by this method, attracted much attention. The method is 
fully described by the inventor in the “ Zeits. f. Angew. Chemie” of 
July 24, 1900. The difficulty of jointing aluminium is, therefore, 
practically surmounted. 

Mr. Swinburne in his remarks has pointed out that I have been 
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conductor, In my remarks upon this point I was referring of course 
solely to the greater surface area. of conductors of the light metal, 
and І am ready to bow to Mr. Swinburne's superior knowledge, 
and to accept his statement that the cost of. insulating aluminium for 
high tension currents will be less than in the case of copper. 

With regard to the influence of small amounts of impurity upon the 
conductivity of aluminium wires, I am aware of the importance of this 
aspect of the subject. 

My experiments were, however, directed towards finding the 
durability of the metal now sold for conducting purposes, and it would 
not have been of any practical value to confine my experiments to 
specially prepared and purified forms of aluminium. 

I have given in my paper the “ official” descriptions of threc of the 
samples used in the experiments. The discrepancy in the conductivity 
tests has, however, caused me to doubt the value of these "official" 
descriptions ; and before the results of the further observations with 
the wires exposed at St. Helens and Waterloo are published, I shall 
hope to have completed independent analyses of the various metals and 
alloys used in these experiments. 

(Communicated March 15, 1901] : Mr. Ristori in his communicated 
remarks has thought it necessary to impugn the accuracy of the con- 
ductivity tests published in my paper. It would, however, have been 
more to the point if Mr. Ristori, in place of quoting general tests, had 
given the actual conductivity tests of the wire, samples of which were 
supplied by his firm to me in 1899. Personally I have little doubt as to 
the correctness of the tests given іп my paper, and confirmation froman 
independent source will be found in the issue of the Electrical Кетет 
for March 8, 1901. In a report upon the condition of the aluminum 
wires erected at Northallerton in 1899, it is stated that the original elec- 
trical conductivity of the wire was only 51 per cent. This would seem 
to indicate that the wire sold bv the British Aluminium Company m 
1899, for electrical purposes, was far below the 60-65 per cent. con 
ductivity standard referred to by Mr. Ristori ; and some of the samples 
placed in my hands by the British Aluminium Company in that vear were 
evidently similar in composition to the wire erected at Northallerton. 

In conclusion I may state that my interest in the subject is purely 
scientific, and that I am only desirous of arriving at a true estimate 01 
the future that awaits “aluminium” in this new field of usefulness. 

The PREsIDENT : I will ask you to give your thanks to Mr. Kershaw 
for this valuable paper. 

The resolution was carried bv acclamation. 


The following paper was then read :— 


CAPACITY IN ALTERNATE CURRENT WORKING. 
Ву W. М. Мокркү, Member of Council. 


This is an attempt to consider some of the effects of 
electro-static capacity in insulated cables for alternate current 
working, especially as regards the power and plant. 
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Distinctions formerly drawn between "current elec- 
tricity” and “static electricity" have left impressions on 
our minds by no means helpful now. When we come 
to deal with electro-static capacity in engineering appli- 
cations with rapidly alternating currents, we find that so far 
from being "static" the conditions and effects аге those 
of current or flow, and may most usefully be studied as 
such. 

Electro-static capacity in cables in some respects 15 ап 
advantage, but on the whole it is a serious drawback in 
alternate current work, mainly because it is directly and 
indirectly a. cause of waste of power. 

Now that many applications of extra high tension 
alternate current distribution are being promoted, it may 
be useful to carefully examine what is involved in this 
property as regards the power and plant required. 

In attempting to do this I may be allowed to begin at 
the beginning, as I think this may be useful to many 
engineers who have not hitherto considered the subject 
in its relation to economy of working. 

The capacity of a cable is measured usually by com- 
paring it with that of a standard condenser, using a low 
pressure and observing the throw of a ballistic galvano- 
meter. 

The unit of capacity is the farad, but as it is too large 
for practical purposes, the practical unit adopted is the 
microfarad ог 190506о Of a farad. 

Electric supply cables have a capacity varying from 
about one-fifth of a miécrofarad to about one micro- 
farad per mile, according to the size, the form, and the 
kind of insulating material used. 

Ш two cables are connected to the terminals of ап 
alternator, a current to charge the cables will flow into 
them as the pressure rises in each half period, and back 
again as the pressure falls. As this occurs usually from 
гоо to 200 times a second it is of course just as “ con- 
tinuous” as any other alternating current. The amount of 
this charging current is easily found if we know the capacity 
of the cable. 

Perhaps I may be allowed to give a practical idea of what 
a microfarad is, in terms of volts, amperes, and periods. 
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The capacity current in amperes 
__ volts x periods per second x microfarads x 2r. 
ni 1,000,000 


Take an illustration from ordinary familiar working 
conditions in order to fix in the mind a quantitative idea 
of this :— 


One microfarad lakes 0°6283 amperes at 2,000 volts 50 N. 


The above expression assumes that the capacity 15 
independent of the pressure. 

In order to satisfy myself on this point I was able, by 
the kindness of Mr. Gray and the Silvertown Company, to 
make some tests on some rubber cable in the tanks at the 
Silvertown Works. The alternator ran at go (^J, and the 
pressure was varied from 2,000 to 5,000 volts. The follow- 
ing readings were obtained :— 


Volts. М Amperes. 
2,000 0°62 
2,500 0°75 
3,000 ` 0'97 
3,500 ТГ 
4,000 1:20 
4,500 1°45 
5,000 1°65 


These results which are plotted in Fig. 1 show that the 
current is simply proportional to the pressure, and there- 
fore that the capacity is not affected by the pressure. 

I may here draw attention to the ease with which 
capacity measurements of systems of mains may be taken. 
It is a measurement that is, I think, never taken by station 
engineers. 

Knowing the E.M.F. and the periodicity, it is only 
necessary to take the current. Then 

Volts x MI x 2r 


мы еен --———— — = microfarads. 
Amperes х 1,000,000 


И the tests are always taken at one E.M.F. and 
periodicity, the scale of the ammeter may be marked to read 
directly in microfarads. This method is of course merely 
according to the “Ohms law” of the subject, but it does not 
appear among those given in standard works on the subject. 
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Аз it can be applied wherever ап alternator is available, it 
should be useful to station engineers and others, especially 
for taking the capacity after the mains have been laid. The 
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Ес. 1.—Capacity бога taken by Cable at Various E.M.F.’s, 50 MJ. 


test can be made at the full working pressure—and variations 
of capacity with age may be easily observed. 
In order to show what the capacity current may amount 


* Since reading this paper I have found this method useful only with true 
sine curve alternators—see discussion, p. 396.—W. M. M. 
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to in practice, I have worked out the following table for a 
length of cable having a capacity of one microfarad. 

The capacity current is directly proportional to the 
pressure and to the periodicity. 

The “apparent watts," or the amperes multiplied by the 
volts, are proportional to the square of the pressure for any 
given periodicity. 

The table gives the current taken at various pressures 
by a cable of 1 microfarad at со (^J, also the apparent watts 
taken and the apparent Н.Р. Another column, to be re- 
ferred to later, gives the true watts. 


TABLE I. 
CAPACITY LOSSES IN CABLES. 


Capacily Current, Apparent Energy, and Actual Energy required by a 
Cable Y I А al various E. M.F.'s, 50 (ГМ). 


С 
| 


arent True Watts. | 


| 

Ж. == | Amperes. “Иш ats | PPP қауын 

оа жошо о и 

| 1,000 0'314 | 314 0:42 39 

| 2,000 0:628 1,256 1'69 | 156 | 

‚ 3,000 0'942 2,826 38 | 350! | 
4,000 1:256 5,024 67 623 
5,000 057 | 7,850 | 105 973 | 
6,000 | 1:88 11,300 | 15. 1,400 
7,000 | 272 1 5,400 ' 20 ^  L9IO 
8,000 | 25 20,100 | 27 2,490 

| 9000 . 283 ^ 25,430 34 223,150 

| 10,000 | 314 | 31400 | 42 | 3,890 

. 15,000 сай | 70,700 | ys | 8760. 

| 20,020 6:28 125,600 | 166 | 15,570 

_ 25,000 | 7:85 196,000 | 263 | 24,300 | 

| 30,000 9:42 ' 282,600 | 380 ' 35,040 

2 35000 | ІІ" | 385,000 | 516 47,730 

| 40,000 12:56 502,400 672 62,300 

— — e ne te ры CER INR 
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Pper Curve = Apparent K.W. 
Lower „ = Real K.W. 
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Fig. 2 is plotted from this table, the upper curve giving 
the apparent power, and the lower curve the true power. 
Fig. 3 is the lower part of Fig. 2 drawn to a larger scale. 

At 100 (NJ the current and watts would be double, and 
at 25 (NJ they would be one-half of the values given in the 
table. 

When it is remembered that large distribution systems 
working at 10,000 to 20,000 volts may, and probably often 
wil, have cables the capacity of which may be scores of 
microfarads, it will be realised that the magnitude of the 
capacity effect is considerable. Even at low and moderate 
pressures it is by no means negligible. 

The term “apparent watts" is rather unsatisfactory. 
It is generally used to indicate that the whole of some 
volt-ampere quantity is not true watts, but it is sometimes 
applied to volt-amperes that are not watts at all. For 
instance, people will say, “Зо many true watts and so many 
apparent watts." The safest plan seems to be to use the 
term “apparent watts" as including both true and false watts, 
adding the power-factor, when known, to show how many 
of the apparent watts are true and how many are false. 

The next question to consider is, What is the power- 
factor of the cables? This is very important, for whatever 
we may be able to accomplish in neutralising or com- 
pensating the charging current, so far as I know we can 
do nothing to reduce the true watts absorbed by the 
dielectric of any given cable at any given pressure and 
periodicity. These true watts are made up of ordinary 
copper loss or C?R due to any charging current flowing 
in the conductor, to leakage, and to dielectric hysteresis. 

The C*R loss due to the passage of the capacity current 
is usually unimportant, at least in large cables. It is easily 
calculated. 

The leakage is also usually unimportant. Thus if а 
2,000-volt cable has an insulation resistance of say 1,000 
megohms per mile, the leakage will be only 2 millionths 
of an ampere and 4 thousandths of a watt per mile. 

Then there is the loss from dielectric hysteresis ; that 
is, the loss of energy due to the insulating material being 
subjected to rapidly repeated and violent electric strains. 

Whether this effect is simply due to mechanical friction 
caused by rapidly repeated attractions and  repulsions 
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between the particles of the insulating material, and be- 
tween that material and the metal within it and outside of 
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FiG. 3.—(This is the lower part of Fig. 2 drawn to a larger scale.) 


Upper Curve = Apparent K.W. 
Lower „ = Real K.W. 


it; ог whether it is due to some more obscure molecular 
P polarisation effect, I do not know. А simple explana- 
tion is to be preferred if a satisfactory one can be got. 
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From what we can observe of actual mechanical vibration 
it seems possible that the first-mentioned cause is sufficient 
to account for the loss. 

But how much is this loss ? 

By the kindness of Mr. Sparks and the County Company 
| have been enabled to make some tests on this and other 
points. 

The cable placed at my disposal was 54 miles of 37/155 
concentric rubber covered. Ц was steel sheathed, drawn 
into 2-in. cast-iron pipe—the outer conductor was earthed, 
and the steel sheathing also earthed every 220 yards by 
stranded copper cables bolted to the iron pipe. 

This cable was intended to be used at 6,000 volts 50 fJ, 
but my test was made at 2,050 volts 100 (AJ. 

The makers' test gave the capacity as follows:— 


"86 microfarad between inner and outer, and 
1°06 7 T outer and earth. 


As the outer was earthed, I need only consider the inner. 
The capacity current should be 


2,050 X 100 x '8Ó x 5'5 x 2m 


— 6:092 amperes. 
1,000,000 


I found the actual current was 6 amperes— practically 
coufirming the makers’ test. It was interesting to find a 
measurement made at a high E.M.F. and high periodicity 
gave the same result as a ballistic galvanometer test with a 
low E.M.F. Тһе cable was run for several hours with а 
Thomson Recording wattmeter in circuit, this instrument 
having been specially tested by the County Company at 
low power-factors. The pressure was nearly steady at an 
average of 2,040 volts, the current being 6 amperes. The 
apparent watts were therefore 6 x 2,040 — 12,240. 

The true watts, by the wattmeter, were 1,515, ОГ 275 
watts per mile. 

The power-factor = 12515 = 0'124 ; that 15 to say, the 

12,2.,0 
true watts were 124 per cent., or about $th of the apparent 
watts. 

The C2R* and the leakage were both negligible, so the 
whole of this loss was due to dielectric hysteresis. а. 


“ The C?R in this case = 13'4 watts. 
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It cannot be said that 2,226 apparent watts and 275 true 
watts per mile are negligible quantities. This 1$ at 2,000 v. 
тоо ГУ. 

When the cable is worked as intended at 6,000 volts 
50 С.Ә the losses per mile will be— 


"86 x "628 x 3 = 1°621 amperes. 
The apparent watts per mile 1:621 x 6,000 = 0,726: 
and the true watts 9,726 x 7124 - 1,206 per mile. 


This of course is on the assumption that the power- 
factor is the same at high pressures as at low (as seems 
probable), and that the loss in this instance was accurately 
determined. 

The dielectric loss is not preventible. It may be lessened 
bv increasing the thickness of the dielectric—that is, by 
reducing the strain—or by using a dielectric of low specific 
capacity, and by working at a low periodicity ; but for any 
given case it must be accepted as one of the conditions of 
working. Іп some respects it is like the hysteresis loss 
accompanying the magnetising and demagnetising of iron. 

But dielectric hysteresis seems to differ from magnetic 
hysteresis іп showing no saturation effect. Possibly at very 
high pressures the curve may begin to bend down, but I 
should expect the insulation to break down earlier than the 
proportional law. 

I have already said that the actual loss in the dielectric, 
whatever its amount, is going on always when the mains 
аге energised—whether any power is being transmitted or 
not. In the case just examined of the 6,000-volt 50 (^J 
transmission it amounts to about 0:23 watt per foot of cable. 
So far asitis a cause of waste of power this may be, and 
often is a much more important loss than the ordinary 
C*R copper loss. This will be seen from the following 
comparison :— | 

The 37/15s cable (0'154 sq. іп.) has a resistance of 0'271 
ohm рег mile, ог 0542 per mile for the two conductors. 
The constant dielectric loss of 1,206 watts per mile is there- 
fore equivalent to a copper loss due to the constant passage 
through both conductors of 47:2 amperes, or at the current 
density of 326 amperes per square inch; or a current that 
would give a drop of 25:6 volts per mile (or in the single 
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conductor 67 amperes — 460 amperes per sq. in.), ог 06 
per cent. per mile on a 6,000-volt circuit. И the cable is 
in continuous use its dielectric uses up 10,564 B.T. units 
per mile per annum. 

To further illustrate this loss I have worked out tables 
for 2,000 volts and 7,500 volts, taking five commercial sizes 
of concentric cables and giving the dielectric losses, and 
the copper losses that would be equivalent to those dielectric 
losses. I have taken the dielectric power-factor as 0°124 as 
before. This factor may, of course, vary with different cables. 


TABLE II. 


Cables working al 2,000 10115, 50 AJ 


Losses 1N DIELECTRIC PER MILE. 


Size of Cable ... ..! 7/20 19/20 | 19/16 19hi4 2710 


Resistance ... 6 2:213 7 "45 36 
Capacity, mfd. 
Apparent Watts... 


True Watts... 


Ut 

t3 

$; 

оо 

М Мө) 
95) 

$ 

Ld 

== 

~J 


Current (and cur-| Amp. 


| 

Copper Section: sq. т. | “007 "019 "обо ‘ogg | 118 
rent density) in 
| 


conductor that! amp, 

would give loss > per | 420 312 192 165, 153 

equivalent  to| 5« 3. ' | | 

that in dielec- Ё 

tric | | 

| 

` Thits . i Je 

к рег | re 683, | 815 955 1,025 
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TABLE III. 


Cables working at 7,500 volls, 50 (NJ. 


LosskES IN DIELECTRIC PER MILE. 


= = my em = ы - —————— -M r ——— -— 


| Size of Cable... ... 17/20 | 19/20 | 19/16 | 19/14 | 37/16 
| 


Apparent Watts... ...| 3,300 | 5,450 


МН. рег Mile ... ... `2 33 | "364 "425 "454 Я 
6,000 7,000 | 7,500 | 


True Watts... ... ... 410 670 


Current (and cur- Amp. | 873 174 
rent density) т 
conductor that | , 
would give loss - рег | 1,180 013 
equivalent ќо | sq. in. 
that in diee 
tric 
i 


B.T. Unit il 
per eee сме E | 3, 590 5,870 6,520 7,630 8,147 


— 


NoTE.—]n these two tables the equivalent copper loss is taken as that in a 
single conductor—not in a “ lead and return "--іог the reason that the dielectric 
loss is the same (for the same capacity) whether the main is a single one or 
double. 

Take a higher pressure illustration. Imagine a system of 40 miles of cable 
working at 20,000 volts 50 (N), the capacity being 05 mfd. per mile. With 
no load and no apparatus connected to the mains the generator would have 
to provide at charging current of 125:6 amperes at 20,000 volts, 

— 2,512,000 apparent watts. 
If the power-factor is "124, then the actual energy absorbed by the mains will 
be 311,488 watts, and the number of B.T. units consumed per year will be 
2,728,633, or an annual output that is exceeded by only a very few electric 
supply stations in this country. Тһе loss works out at 1:5 watts per foot of 
the cable with this power-factor. 


One rather unfortunate property of cables is shown by 
these tables. Irefer to the fact that as different sizes of cables, 
made systematically to be suitable for safely working at any 
given pressure, have capacities which do not lessen very 
much with decrease of size, the dielectric loss of small 
cables is therefore disproportionately large. For example, 
in the five sizes given, the section increases in the ratio 
I to 17, but the capacity only as г to 2°28. 

The carrying power of a cable is limited in most cases 
by drop of volts rather than by heating or loss of power, ` 
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otherwise this dielectric loss would very much restrict the 
load that could be put on cables. 

Nevertheless, this loss seriously affects the question of 
raising the pressure for long distances or large powers, at 
least where underground or covered conductors have to be 
used. As the copper loss is inversely as the square of the 
current, the temptation is to increase the pressure and re- 
duce the current. But the dielectric loss being propor- 
tionate to the square of the pressure, and being moreover a 
constant or all-day loss, whereas the copper loss is only 
fully felt at times of full load, limits to increase of pressure 
are imposed which may be reached sooner than has been 
supposed. ii 

This opens a field for very careful consideration—and 
balancing of advantages—of high and low (or lower) 
pressure. І do not attempt to make any comparisons now. 
Every case must be examined on its merits апа due weight 
given to load-factor, drop, value of power, plant capacity, 
and so on. 

I believe the general opinion has been that the produc- 
tion of capacity current involved practically no expenditure 
of energy; that it was in reality a wattless current, and 
that the only waste—a sufficiently considerable one—was 
in running the alternator under light load. I think nothing 
contrary to this opinion was put forward before the recent 
parliamentary committees on power bills. Those com- 
mittees were assured, for instance, that so far as power was 
concerned, the losses with underground cables were the 
same as with aerial lines. I fear this 15 by no means the 
case. I do not wish to adopt an alarmist tone on this 
subject, but I think it will be admitted that if the tests 
referred to above are even only approximately correct, the 
subject deserves the very serious consideration of electrical 
engineers. 

It is probable that those who have had to do with extra 
high-tension mains, or even with long or extensive mains 
working at moderate high pressures, will have noticed, as I 
have, that when switching such mains on, the engine has 
been checked much more than would be consistent with 
the production of merely wattless current. 

We may now pass from the question of the power-factor 
and the true power, to the wattless part of our “apparent 
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watts." This we see is about 87:6 per cent. or 7-8ths of the 
total. 

It is very desirable we should do anything we can to 
lessen the production of ** wattless current " by the alternator, 
as the amperes are real even if the watts are not. 

In producing “wattless current" at full pressure the 
alternator is taking a good deal of power, and is working 
very wastefuly as to steam consumption. It takes 
practically as much plant to produce the current as if the 
energy were real. In fact it might easily happen from the 
known wastefulness of engines working at light load and 
Гот other causes that the true energy would cost less to 
produce it than the false or wattless energy. For example, 
to charge 20 miles of the 6,000-volt cable referred to above 
(and assuming that no means are used to counteract the 
capacity) the alternator would have to be run at 6,000 volts 
sending out 1°621 x 20 = 3274 amperes = 194,500 apparent 
watts or 260 apparent E.H.P. This would require a 200 kw. 
alternator fully loaded so far as current is concerned, although 
the true energy would only be 1045 x *124 = 24 kw. 

As there are objections to running a large alternator by 
a small engine, a large combined plant is often run on a low 
power-factor circuit. 

Fortunately the difhculty can be avoided very simply, 
by the application of known principles. To some extent 
this is done now, but I think it is done accidentally or un- 
consciously, or at least without system. 

In explaining how the wattless current may be reduced 
and the power-factor raised to unity or nearly so, I hope 
those who prefer the mathematical treatment of such ques- 
tions will not be impatient at my attempts to express my 
meaning іп the vulgar tongue. 

In a conductor or circuit having capacity the charging 
current has a positive phase displacement of 009 from the 
E.M.F., while the current in an inductive circuit has a 
negative phase displacement of ооо from the E.M.F. Thus 
there is a difference of phase of 180° between these two 
currents. This is well known. Its systematic application 
affords a solution of the problem we are now considering. 

Imagine an alternator supplying a circuit having capacity. 
Then if an inductance or choking coil is put in parallel with 
the capacity, and if it is so designed and adjusted that it takes 

VOL. XXX. 25 . 
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a wattless self-induction current equal in amount to the 
wattless capacity current of the mains the two will balance 
one another, and the generator will not have to produce any 
wattless current for either the capacity or the self-induction. 
Each will take its full current, which will pass to and fro 
between the capacity and the choking coil, being alternately 
a capacity or charging current with a positive phase dis- 
placement and a self-induction current with a negative 
phase displacement. The generator will only have to keep 
up the E.M.F. and to produce the energy component 01 
the current for the cable and the energy component of the 
current for magnetising the choking coil, and for leakage 


FIG. 4. 


and resistance losses. Ав these energy currents аге in 
phase with the E.M.F., the alternator will act as if working 
on a circuit having neither capacity nor self-induction—that 
is, a circuit having a power-factor of unity. This will at 
least be the case if the balance 1s perfect. 

By the kindness of Mr. Sparks and the County Company, 
I have been able to try some experiments on the 53 miles о! 
mains already alluded to. Тһе arrangement 15 shown 1n 
Fig. 4. | 

I made а choking coil to take 6 amperes at 2,000 volis 
тоо (AJ. Particulars of this coil are given later on. When 
working at 2,000 volts тоо (^J, the alternator gave 6 amperes 
when connected to the cable alone. The current was also 
6 amperes when the alternator was working оп the in- 
ductance coil alone. When the cable and the coil were 


1901.1 ALTERNATE CURRENT WORKING. 879 


put in parallel, with ammeters in circuit as shown, the 
alternator produced 1°625 amperes only, although there 
was still a current of 6 amperes in the cable and 6 amperes 
in the choking coil. 

There was not a perfect balance. The true watts taken 
by the cable and the choker were about 2,000, therefore the 
alternator current should have been only about 1 ampere, but 
I was not able to get а closer adjustment. I must have had 
very nearly the best balance obtainable, as any adjustment 
of the choking coil, either in the direction of increasing or 
of decreasing its current, caused an increase in the alternator 
current. Possibly the slightly imperfect balance was due to 
a difference of effect of a sine curve alternator on the 
choker and on the capacity.: The actual practical result, 
however, was quite satisfactory, as the choking coil effected 
a saving on the system of about 9,000 apparent watts, the 
energy absorbed by it being about 500 true watts. I need: 
not say that the saving under these circumstances is not 
only “apparent.” 

It is not easy to say what would be a fair estimate of the 
cost of producing “wattless energy" I venture to think it 
is not much less than one-fourth of the cost of true energy. 

Whatever figure is taken, the desirability of economising 
in such matters will be realised when I point out that at 
one penny per E.H.P. — hour one watt for one year costs 
one shilling,? or say £1 capital. 


DESCRIPTION OF CHOKING COIL. 


This description is not given as that of a very satisfactory example 
of design, but to show the coil used, and in the hope that it may be of 
some interest to designers of such apparatus. Тһе main dimensions of 
the coil used in these tests are given in Fig. 5. It consists of а set of 
E stampings, with a coil wound about the middle projection. Тіс 
** yoke” is straight and is carried on supports, allowing of adjustment of 
the gap. Fig. 6 gives the currents with various air-gaps. 

The current taken by the coil at 2,000 volts roo СУ with various air- 
gaps is given by Fig. 3. The form was chosen in preference to the 
simple straight coil form, as a convenient one for adjustment, and 
because it gives an external field more suitable for enclosing in an iron 
core. 

* See paper in Journal XXIX., р. 154, Jan., 1900, by Alexander Russell, 
according to whom a sine curve wave gives a smaller condenser current and 
a larger magnetising current than any of the other wave shapes considered 
in his paper. 

? Or, more precisely, 1174 pence. 


[Jan. 10th. 
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The cross-section of the core is about 29°76 sq. in., or 192 cm. of 
actual iron—weight about 190 Ibs. 

The winding consists of 756 turns of o'o8 in. wire, having a total 
length of about 2,600 ft. and a resistance of about 4'1 ohms. 

At 2,050 volts тоо Cu , М = 6,081,000, B = 3,170. 

The iron is o'014 in. thick of a quality which would have а loss in a 
closed-circuit transformer of about 0:55 watts per pound. The iron loss 
should, therefore, be about 190 X 0°55 = 1045 watts, with the yoke closed 
down. With the yoke removed (as used) it should have a loss of about 
68 watts 1f the circuit completed itself through the air. 

The copper loss with 6 amperes = 6^x 41 = 148 watts. Total, 216 
watts. 

The tests, however, show а loss of about 500 watts. The difference 
must be due to eddies caused by magneticleakage. Тһе stray power is 
higher than would be expected, but it answers its purpose. very well. 


| оо 
Its power-factor is 20 - O'O4I. 
12,500 


I know of no published information on the losses in choking coils, 
and suggest it as a useful subject for study. Тһе principal difficulty is 
in testing apparatus having such low power-factors. 

The weight is about 22 Ibs. per apparent K.W. 


I have said that in reducing the capacity current 
required {о be produced by the generator, something 
was effected in ordinary practice, but accidentally, or at 
least not systematically, by the action of all self-induction 
in the system—for example, that of transformers or motors. 
In transformers the effective self-induction is very small. 
The no-load current is small in good closed-circuit trans- 
formers, and the power-factor is high—usually from about 
o'7 to about o'85. Тһе wattless component available is there- 
fore very small—at least, in modern systems having large 
and efficient transformers. Мо doubt if the conditions of 
a circuit are known from the first, the transformers may be 
so designed as to provide the capacity current, at least at 
light load ; but it would be difficult to do this systematically 
as the conditions in practice are so variable. With a large 
number of small transformers it may be that the wattless 
capacity current may be compensated or more than com- 
pensated. 

I do not think transformers of low power-factor should 
be used. I believe the better plan will be to continue to 
make transformers with small no-load current and high 
power-factor, and provide separately for any compensation 
that may be necessary. 
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When motors are used, their large, idle, lagging current 
is available to compensate the capacity. Where there isa 
large motor load the idle current will usually be a lagging 
rather than a leading current, even on mains of considerable 
capacity. А synchronous motor, as is well known, acts 
either as a capacity or a self-induction according to the 
excitation. When over-excited, it acts as a capacity and 
takes a leading current from the mains ; when under-excited, 
it acts as а self-induction, taking a lagging current. When 
excited to take a minimum current it has no idle component 
—that is to say, its power-factor is unity. Such motors 
running light are now often used for balancing self- 
induction, but 1 have never seen them used for balancing 
capacity. In any case they are a rather expensive remedy, 
as they have to be practically as large as if they were to do 
real instead of only apparent work. Their first cost, their 
working costs, and losses are therefore high. For balancing 
self-induction they may be necessary. I hope, however, 
that for this purpose condensers will again be taken up 
by Mr. Swinburne, or somebody else. Probably their 
hysteresis loss will not be as great as the losses in motor 
compensators nor their working cost or first cost as high. 

But in any case, the running of under-excited synchronous 
motors is an expensive and clumsy way of compensating 
capacity, compared with simple choking coils, such as 1 
suggest. | | 

Such coils, used with a phase-indicator, should be useful 
in all systems where the capacity current is large enough to 
deserve attention.! 

There is something very disproportionate and anomalous 
about the two classes of loss in the dielectric—the insigni- 
ficant losses due to leakage, and the large apparent and 
actual losses due to capacity and hysteresis. 

Let me take for illustration a 10,000-volt cable having 
one-third microfarad capacity per mile, and working а 

* I may mention that when I applied for a patent for this method my 
attention was drawn by that useful institution, the German Patent Office, 19 
the fact that, so far as concerned the treatment of a long transmission line by 
choking coils placed at intervals, I was anticipated by Charles Schenck Bradley, 
the well-known Amcrican electrical engineer (British Patent 20,493 of 1597). 
Reference should also be made to the proposals of our president of last year, 
Prof. S. P. Thompson, to compensate the capacity of submarine and other 
cables to facilitate signalling by placing high-resistance choking coils at 


frequent intervals along their length. See his British patents 22,304 01 
1891 ; 13,064 and 15,217 oí 1893 ; and 13,581 of 1894. 
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So MJ. Its insulation is, say, 2,500 megohms (it may be 
only a few megohms without affecting the argument). The 
dielectric has several functions. It acts as a nearly perfect 
non-conductor. But it does conduct a little: it allows 
2:0 080 ampere to pass through it, = 0:04 watt per mile. 

Then there is the electrostatic action. From Table I. 
we see the capacity current is 1°05 ampere, the apparent 
watts 10,500, and the real watts 1,296, or 32,400 times the 
watts lost by conduction. 

This is an interesting state of things. Both dielectric 
conduction and dielectric hysteresis waste energy in the 
same way—by heating the dielectric. We use an insulator 
which reduces the leakage energy loss to ‘oq watt per 
mile, but allows another energy loss 32,400 times as great. 

So far as loss of energy is concerned we should be just 
as well off—or as badly—with an insulation resistance 

10,000 
ofc === 

1:05 
energy spent on our dielectric would be just the same, апа 
I suppose we should have по wattless current at all! I 
point this out to illustrate an anomaly, not to make a 
practical suggestion. It may be that no low resistance 
insulator can be found capable of resisting breakdown 
under such conditions. 

I have spoken of the energy component of the capacity 
current spent on heating as if it were in some way different 
from the leakage current. It only differs from itin amount. 
It is not recovered like the true charging current. It does 
not surge to and fro in the cable. In all practical essentials 
it is a leakage current. It goes right through the dielectric, 
and heats it in its passage exactly like the leakage current. 
'The effect of capacity in allowing the passage of this current 
is precisely as if it reduced the insulation resistance in the 
proportion I have suggested, viz., from 2,500 megohms to 
9,524 ohms. 

At least this is how it appears to me. 

With aerial lines capacity effects are comparatively un- 
important. For example, with wires of 1-іпсһ diameter, 
hung two feet apart, the capacity per mile is only 0018 
microfarad. Not only is the wattless current therefore 
small, but there is no “wattful” current. 


= 9,524 ohms, instead of 2,500,000,000, The 
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Ах ALTERNATE-CURRENT WATTMETER. 


In concluding this paper I wish to describe an alternate- - 


current wattmeter especially suitable for measurements such 
as are required in connection with the subjects treated in 
this paper. Іп devising this instrument my aim was to get a 
simple, strong, reliable wattmeter—one that needed no resist- 
ance added in its E. M.F. circuit, and that would absorb very 
little energy in that circuit even for large E.M.F.'s. In such 
an instrument the E.M.F. coil should have a large force, 
and at the same time be practically without self-induction, 
and should be correct with all power-factors met with in 
practice. If possible it should be correct through a con- 
siderable range of periodicity. 

Long and satisfactory experience of the Siemens dynamo- 
meter under workshop conditions made me turn to it as 
the most suitable type of instrument, and to try to devise 
means by which it should have the qualities just enumerated. 

Fig.7 shows the instrument in elevation and plan. Fig.8 
is from a photograph of an actual instrument. 

The Siemens dynamometer form is closely followed. 
The series or current coil is placed in the ordinary position. 
Under this coil is a small transformer, the primary winding 
of which is wound for any required E.M.F. Next to this 
primary winding a space is left at each side—the space 
usually occupied in a transformer by the secondary winding. 
In this space a closed coil of one turn of wire is suspended 
freely—the wire is platinoid, manganin, or some other con- 
ductor having a negligible temperature co-efficient. This 
conductor is suspended and controlled exactly like the 
suspended coil of a Siemens dynamometer. |t acts as the 
secondary of the transformer. As it is closed on itself no 
mercury cups are needed. Из circuit external to the trans- 
former consists simply of a loop passing up the front and 
down the back of the fixed or current coil. 

The action will now be understood. A comparatively 
large current of very low pressure is generated in the 
secondary coil. This current is in opposite phase to the 
E.M.F. It passes through the field of the fixed or current 
coil. The suspended conductor is acted on and deflected 
by the current in that coil, and is brought back to zero by 
the tension of the spring as in an ordinary dynamometer. 
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It will be seen that so long as the iron of the trans- 
former 15 not forced to-too high a density by using too 
great an E.M.F. or too low a periodicity, the secondary 
current will be proportional to the E.M.F. and independent 
of the periodicity. The magnetising component of the 
primary current and the energy spent in the iron will vary 
with the E.M.F. and periodicity, but if the self-induction of 
the secondary coil is sufficiently low this will not affect the 
proportionality of the secondary current to the primary 
E.M.F. 

The instrument shown on the table is the first I 
have had made. It has been kindly constructed to my 
drawings by Messrs. Siemens. By tests made at the Board 
of Trade Electrical Laboratory (in connection with which 
I have to thank Mr. Trotter and Мг. Rennie), I find my 
anticipations have been verified—the instrument has the 
same constant with power-factors of т and of ovr, and it is 
proportional all round the scale. 

This kind of instrument may easily be made for a large 
range both of E.M.F. and current, as the primary of the 
transformer as well as the current coils may be variously 
wound or connected—the suspended secondary conductor 
being always the same. 

In the instrument exhibited the current coils are three in 
number, of varying section—the transformer primary being 
suitable for апу E.M.F. up to боо volts at тоо (XJ. The 
range is as follows : 


Fine coil, for maximum of about 2:5 amp., constant 1:25 watts per division. 
Medium ,, » » I5 » » 68 ” ” ” 
Тыск РТ ” » 90 ” " 37 ” ” » 


This is at 83 (NJ. There are доо divisions in the eircle. 

I have not succeeded, in this first attempt, in making the 
instrument independent of periodicity. The variation is 
about Іо per cent. between 30 CU and оо f. In using 
the instrument it is therefore necessary to know the 
periodicity. I hope to greatly reduce this variation, or 
perhaps get rid of it altogether through a sufficient range 
for practical purposes. Even as it is, it will perhaps not be 
considered a very serious objection. 

The principle of this instrument may be readily applied 


Fic. 8. 
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to other forms, but it would be premature to describe them 
here.? | 

In this paper I have not attempted to treat of several 
aspects of “Capacity in Alternate Current Working "— 
matters perhaps as important as those I have tried to make 
clear. I have avoided comparisons between different kinds 
of cables. І have considered single-phase only, not two- or 
three-phase. І have said nothing of effects of capacity on 
regulation, on distribution of potential along lines, on 
liability to rupture of insulation due to capacity, or on 
means for reducing such liability. Іп keeping to one 
aspect of the subject, I have hoped to be of most use to my 
fellow Electrical Engineers. 

I have to express my thanks, for information or facilities 
afforded me, to Mr. Gray and the Silvertown Company, to 
Mr. Edmunds and Mr. Howard of Messrs. Glover & Co., to 
Mr. Nisbett and the British Insulated Wire Company, and 
to Mr. Gavey (Chief Engineer of the Post Office). Also to 
Mr. Dallas and Mr. Grafton, respectively of the Silvertown 
and the County Companies, for assistance іп experiments. 
I have already mentioned my indebtedness to Mr. Sparks 
and the County of London and Brush Provincial Company. 


Professor W. E. AvRTON : The first two or three pages of Mr. 
Mordey's paper, he tells us, are given in order to impress upon central 
station engineers that they have in their possession a very easy means 
of measuring the capacities of their cables, and I presume by that he 
implies that they do not use these means. If that be the case, then 
who is to blame? Is it because the method has not been put before 
them ? or is it because, after the method has been put before them, they 
have neglected it? The matter of measuring the Capacity of real cables 
in this way was brought prominently before me a good many years ago. 
It was brought to my notice in the very beginning of the Deptford 
Generating Station when, as you know, power began to be transmitted 
from Deptford to the Grosvenor Gallery, through six underground cables 
cach some six miles in length, I was very often at that time in Deptford 
with Mr. Ferranti, and one day Mr. Ferranti put to me this question : 
he said, “ Сап you explain this to me, because to me” (that is, to Mr. 
Ferranti) “it is very curious. I find that during the daytime, when 
there is practically no load on in the Grosvenor Gallery, the ammeter 
reads a fairly large value, and when the load comes on in the evening, 
the ammeter reading does not go up very much. What does it mean ?” 


* I should mention that some years ago Mr. Swinburne proposed or made 
an instrument in which he pivoted a closed-circuit conductor—this had a 
current induced in it, and was deflected by the flux in an air-gap іп which 
it hung. 


Professor 
Ayrton. 


Professor 
Ayrton. 


Мг. Могасу, 


Professor 
Ayrton, 
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I had then, at that time—I am speaking of eleven or twelve years 
ago—to go into this question in detail with Dr. Sumpner, who was 
with me as an assistant. We sent to Mr. Ferranti a complete 
account of the cause, and explained that during the daytime he was 
practically measuring the capacity of his cable by means of the alter- 
nating current flowing into it at a known pressure and frequency. 
Having had our attention directed to this, we measured a considerable 
number of capacities in this way; and finally, on March 6, 1891, Dr. 
Sumpner and I brought the matter before the Physical Society, and gave 
not merely formulas, but the exact results that had been obtained with 
this method. We were not dealing with small capacities merely, such 
as Mr. Mordey has dealt with—a microfarad or so—our capacities went 
up to 89 microfarads. We were dealing, in fact, with hundreds of miles 
of cables as regards the capacity. 

The same method was subsequently described by Dr. Fleming, on 
Мау 7, 1891 (pp. 395 and 306, vol. xx. of our Journal) and by Major 
Cardew оп May 21, 1891 (p. 448 of the same volume), and in each case 
the results of actual experiments were given. 

Further, about this time, condensers were made for me and for 
others by Mr. Swinburne, graduated ло! іп microfarads, but in the 
currents which they would take respectively at 2,000 volts at тоо QU. 

Mr. MoRbEv : Might I explain my position? I do not claim to have 
invented capacity current, or to have invented the fact that a capacity 
current will cause an ampere-meter to deflect. I merely pointed out 
that in Professor Ayrton's book on “ Practical Electricity," where 
several methods аге given, this simple practical method, not only іп 
his book, but in a great many others, is not given. Itisan engineer- 
ing method that probably would not occur to people who are writing 
books of that class. | 

Protessor AYRTON: The remark of Мг. Mordey is irrelevant. 
Volume I. does not say one word about alternate currents; in fact, 
it states very distinctly in the preface that only direct currents are 
supposed to be dealt with in this volume. It would therefore have 
been an absurd thing, in a book which deals wholly and solely with 
direct currents, to talk about an alternate current method of measuring 
capacity. 

The paper to which I have referred, that was given in 1891 before 
the Physical Society, was called “ Interference with Alternate Currents,” 
and the reason why it had that name is because it dealt not only with 
what I have been referring to, but with the next part of Mr. Mordey's 
paper ; that is to sav, the combination of self-induction with a capacity. 
It gave numerical results that were actually obtained in this way, and 
on page 572 of the Electrician for March 13, 1891, it is stated in the 
abstract of this paper :—- 

“Оп joining a condenser and inductive coil in parallel, an ammeter 
in the main circuit indicated 5'5 amperes, whilst those in the branches 
showed 6'4 amperes passing through the condenser and то amperes 
through the coil. Other experiments of a similar nature were described, 
and it was pointed out that the ratio of the sum of the two parts to the 
measured total may be large, being about eight in the case just 
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mentioned." It is interesting to notice that, as a matter of fact, this ratio 
was exactly the best result that Mr. Mordey could obtain with his com- 
bination described in his paper of to-night, i.e., ten years later. 


The abstract in the Electrician goes on to say : “ Theoretically this 


ratio might be anything, depending as it does on the phases of the 
pressures іп the two parts, and these phases are determined by the ratio 
of the impedance of the coil to its resistance; practically, however, it 
Was not easy to get a coil of large self-induction and very small resist- 
ance." 

This last remark is interesting in showing that Dr. Sumpner and I 
were occupied at that time not in applying a condenser to а self-induction, 
but in carrying out exactly the experiment described by Mr. Mordey in 
hi» paper of to-night, viz., that of applying a self-induction to a capacity 
for the purpose of reducing the capacity-current that would otherwise 
flow in the leads bringing the current to the condenser. 

But now, if we take Mr. Mordey's own experiment, I say that by 
dealing with the principles given in that 1891 paper of ours, without 
going a step further—and that is the best proof of what was in that 
рарег--І can enormously improve his result. 


0-075 Ampere 


0-075 Ampere 


FIG. А. 


For if Е be the capacity of a condenser, or cable, іп farads, р be 2x 
times the frequency of an alternator sending current into the cable, V be 
the R.M.S. value of the sine wave of Р.О. produced by an alternator, and 
о the resistance, in ohms of an inductive resistance placed as a shunt to 
the condenser, then the current in the alternator circuit will be а 
minimum and equal to 

VFo 
Р 
when Л, the self-induction of the inductive shunt, has a value 


+ sf +4 F pro? 
2 Fp? 


henry. 


Now, in Mr. Mordey's case this best value of Л becomes 0°53 henry, 
and with a shunt to his cable, made without any iron and having this 
sclf-induction and a resistance of four ohms (the resistance of his 
choker), the alternator current will be found to reduce itself to as little 
as 0'075 ampere, if V be 2,000 volts, the frequency тоо (NJ, and the 
current due to dielectric hysteresis is inappreciable. 


Professor 
Ayrton. 


Professor 
Ayrton. 
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Mr. Mordey ought to have used no iron at all in his choker, and 
what I propose to do is to supply Mr. Mordey with an inductive coil 
properly constructed for his case, and he will find that, with sine waves, 
the alternator-current will be much less than 1:6 amperes, and the power 
wasted in my coil much less than the 500 watts which was expended in 
his choker. 

Mr. Mordcy will say, But how is it possible with any coil of any 
shape whatever to reduce the current to anything like that when you 
have this dielectric hysteresis loss? That brings me to really the most 
important part of his paper, that is to say, the loss in the.cable. I 
should very much like to ask Mr. Mordey whether he has sufficiently 
tested either the cable or what he calls the “ Thomson recording watt- 
meter "—for him to feel at all sure that, with the low power-factor he is 
dealing with, the instrument indicated correctly. Мг. Mordcy very 
rightly said that he did not use an ordinary wattmeter, because with 
such a low power-factor it was very difficult to get accurate results; 
but he seems to forget that the error in the Thomson watt-hour meter, 
as it ought to be called, or energy meter, is even much larger. lf 
he will refer to a paper in the Electrical Engineer of March 24, 1893, 
he will see the question of the Elihu Thomson's watt-hour meter dealt 
with. The error in the watt-hour meter—and how it can be calculated 
—is discussed ; and then experiments are given showing that the actual 
errors when the instrument is employed on an inductive circuit is as is 
given by the formula quoted. Now, if you will take that formula— 
which is the ‘formula I worked out years ago, for a wattmeter—and 
apply it for such a low power-factor, you will find, unless I am very 
much mistaken, that the power indicated by an energy meter may be 
considerably larger than the true power. 

I feel certain, therefore, that the explanation of Mr. Mordey's high 
power-factor is either that his energy meter—for the reasons stated in 
this paper in the Electrical Engineer of March, 1893—gave an answer 
which is much higher than the truth, or the cable that Mr. Mordey used 
was an exceptionably bad cable. 

The matter is of enormous importance. We are not dealing with 
any question of priority, or whether central station engineers have or 

have not studied what has been written ; but we have to consider this— 
What is the truc loss in a cable? I mean the loss due to this so-called 
dielectric hysteresis. One reason why I am inclined to think that it i$ 
far less than Mr. Mordey imagines is that in all previous measuremenb 
which have been made by myself, by Major Cardew, and others, the 
power-factor has come out far smaller than the value Mr. Mordey gives 
now, the power-factor meaning the ratio of the true powcr wasted in 
dielectric hysteresis to the apparent power given to the cable. In the 
case of Mr. Swinburne's own condensers we found that it was some 
thing of the order oor. In the experiments made by Major Cardew, 
which appeared іп the Institution's Journal in 1893, the values vary 1n 
different experiments from about o watts loss to 4:8 watts loss. If you 
take his highest value, his power-factor is 00635 ; if you take his lowest 
value, it is nought ; and taking the mean we see that he was dealing 
with a power-factor under 0'03. 
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If, again, you refer to experiments which have been made by 
Lombardi on this very subject of the hysteresis loss of various 
dielectrics, you will find that viscous substances like paraffin wax 
appear to have a power-factor of about 07088, and риба percha 0'042. 
Lombardi's results are very interesting, because for petroleum he got 
оо014, and for condensers which have petroleum smeared on them or 
poured on them we found years ago, in 1894, I think, the power- 
factor was about oor. Тһе result scems to be this : that, if the cable 
which Mr. Mordey tested has really a power-factor of 0'124—that is 
to say, if one-eighth of the whole of the power given to the cable 
is really wasted—then the cable is made most unnecessarily bad, 
because if you make the cable with any of the other materials referred 
to above, you ought to get a power-factor very much smaller. Itisa 
matter obviously that can be very carefully tested, and it is а matter 
which I thoroughly agree with him ought to be tested if there is really 
any doubt about the matter, because it is of vital importance in con- 
nection with these power transmissions through long lengths of under- 
ground cables, In order to test it, I would ask Mr. Mordey if he would 
be good enough to allow me to find out the exact nature of the error— 
whether the instrument used was an ordinary wattmeter or an in- 
tegrating wattmeter — which led it to give this extraordinarily high 
power-factor. 

The PREsIDENT: Mr. Mordey asks me to allow him to make 
some reply to Professor Ayrton's remarks, without waiting until the 
next mecting. | 

Мг. W. Мокрку : I wish to say before the meeting closes that I 
have every reason to believe the power-factor was properly determined. 
The wattmeter was calibrated in the well-equipped laboratory of the 
Westinghouse Company, especially with a view to finding out its 
constant with low power-factors. I accepted the readings of the 
instrument. И I had not felt that the fact of a considerable loss of 
power in mains was confirmed indirectly and broadly by general 
observations in central stations, I should not have said anything about 
the power-factor at all. I have not any doubt whatever that there is 
a considerable loss of power in the insulating materials of cables. If 
this is the case, you will agree with me that it is sufficiently important 
to merit attention. I do not want you to go away and think that I have 
put forward a figure of that sort, a figure that is very important indeed 
in practical engineering works, without having a reasonable belief that 
it was based on accurate facts. However, the instrument can easily 
be calibrated or further tests taken, and I will, before the end of the 
discussion, see if I can give further information. 

On the motion of the PRESIDENT, a hearty vote of thanks was passed 
to Mr. Mordey for his paper. 


Тһе PRESIDENT announced that the scrutineers reported the following 
candidates to have been duly elected :— 
Members: 


Sir John Wolfe Barry, K.C.B., Bertram Sands Giles. 
F.R.S. Sidney Howe Short. 


Professor 
A yrton. 


The 
President. 


Mr. Mordey. 


[ 
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Associate Members: 


Alan Neville Banister. Edgar John Kipps. 

John W. Black. William McAulay. 

Watson Blagburn Carrick. Peter Alexander McKillop. 

Gcorge Alexander Clark. William Nairn. 

James Herbert Clothier. Walter Reilly. 

John Wylie Donaldson. | Thomas Roles. 

Christopher Elliott. John Francis Stanley Scott. 

Alexander Gerrard. John Severs. 

Arthur Hewitt Gilling. Thomas William Sheffield. 

A. J. Harris. Christopher J. Spencer. 

John McNab Hunter. James Ross Stevenson. 

William Livingston King. Charles Granville Vines. 

Associates : 

Harry Allcock. Edwin Morgan. 

Alan Arthur. Henry James Movsey. 

Joseph Bein. Gerald Mushet. 

Gcorge C. Blair. Felix Bernard O'Hanlon. 

Alec David Chalmers. Franke Herbert Parker. 

Агаеяг Bomanjee Darookhana- | Frederick George Thomas Parsons. 
walla. William Richards. 

Edwin Henry Dixon. Frederick William Richardson. 

Paul Goldschmidt. Alfred James Ryan. 

Edmund Goolding. Valentine Aloysius Ryan. 

Thomas Stephen Hepworth. Edward Ashmore Thompson. 

William Hodgkinson. George Hamilton Thomson. 

James Lowson. Fiennes Olive Trotman. 

William Maclay. Charles Alfred West. 


William Mayer. 


Students : 


John Cruickshank Anderson. Hubert Beaumont Shepheard. 
John Alexander Armstrong. Alfred Symth. 

Raymond Dorrington Bangay. Vincent Dare Sorby. 

Arthur Wynne Barnley. Henry D. Stepanian. 

Frank Norton Bell. Claude Stert. 

Charies Henry Day. Joseph P. Tierney. 

Hugh William Geare. | Werner Anton Trier. 
Alexander Walter Harrold. Frederick Wardrobe. 

Horace William Holt. Hildred Edward Webb Bowen. 
John William Law. Richard Hubbard Welch. 
William Marden. Cecil Tom Wilkinson. 

William Robinson Myers. John Michael Faraday Wilson. 
Lionel George Nunes. Horatio Peter Stanley Wisc. 
Frank Oldrieve. Joseph Julius Wolff. 
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The Three Hundred and Fifty-seventh Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, 25, Great George Street, West- 
minster, on Thursday evening, February 14th, 1901, 

Professor JOHN PERRY, F.R.S., President, in the 

Chair. 


The minutes of the Ordinary General Meeting held on 
January roth, 1901, were read and approved. 


The PRESIDENT: 1 took it upon myself to postpone the 
last Ordinary General Meeting which had been announced 
for January 24th. It was, I think, on Tuesday night that 
I felt that Queen Victoria being then very seriously Ш it 
would be right to postpone the meeting. There was no 
time to call a Council meeting nor to send out postcards, 
but notices were sent to the daily papers and to those 
electrical journals that were likely to be published in time. 
At a Special Meeting of the Council of the Institution of 
Electrical Engineers held on the 7th February, the following 
resolution was carried unanimously :— 


“That the Council of the Institution of Electrical Engineers, т 
Special Meeting assembled, hereby records its deep sense of the 
irreparable loss which the British Empire has sustained through the 
lamentable death of Her Majesty Queen Victoria, and its sorrow, in 
which each member shares, that one, who spent Her life for the good 
of Her people, and to whom Her subjects were affectionately devoted, 
has been removed from the scene of Her unremitting labours, and that 
a reign marked by unparalleled social, scientific, and industrial progress 
has thus been brought to a close. 

“Тһе Council humbly begs permission to express to His Majesty 
King Edward, and to the members of the Royal Family, its most sincere 
condolence and sympathy, and further to lay before His Majesty the 
assurance of its unswerving loyalty and devotion, and its earnest 
wishes that He may, with Her Majesty Queen Alexandra, long be 
spared to reign in happiness and peace over a loving and united 
people. 

* ]t therefore directs that a sealed copy of this Resolution, with 
copies of Resolutions of Condolence passed by Local Sections of the 
Institution, be forwarded to the Home Secretary for transmission to 
His Majesty." 


| may say that copies of resolutions have been received 
VOL. XXX. 26 
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The Three Hundred and Fifty-seventh Ordinary оа 
Meeting of the Institution was held at the о 
of Civil. Engineers, 25, Great George Street, Wes 
minster, on Thursday evening, February 14th, Ree 
—Professor JOHN PERRY, F.R.S., President, іп the 
Chair, 


The minutes of the Ordinary General Meeting held on 
January roth, 1901, were read and approved. 


The PRESIDENT : I took it upon myself to postpone ue 
last Ordinary General Meeting which had been SE RR 
lor January 24th. It was, I think, on Tuesday ne us p 
| felt that Queen Victoria being then very сору g 
would be right to postpone the meeting. There was ba 
time to call а Council meeting nor to send out роѕќсат » 
ut notices were sent to the daily papers and to those 
electrical journals that were likely to be и Hi (зе 
Ata Special Meeting of the Council of the а 
‘lectrical Engineers held on the 7th February, the following 
resolution was carried unanimously :— 


“That the Council of the Institution of Electrical pica s 
Special Meeting assembled, hereby records its деер qu A the 
irreparable loss which the British Empire has sustained tarong Қы 
lamentable death of Her Majesty Queen Victoria, and its SENTO Е 
Which each member shares, that one, who spent Her life for the ode 
of Her People, and to whom Нег subjects were affectionately "ps 
has “еп removed from the scene of Her unremitting labours, anc > s 
"i marked by unparalleled social, scientific, and industrial progres: 
'as thus been brought to a close. oe 
. The Council ее begs permission to express to Tus ч, 
King Edward, anq to the members of the Royal Family, its most елен 
condolence and Sympathy, and further to lay before His Majesty 2 
assurance of its unswerving loyalty and devotion, and its earnes 
Wishes that е тау with Her Majesty Queen Alexandra, ipe 
nic 9 reign in happiness and peace over a loving and unite 
“Tt therefo 
Copies of 
Institution 
i 


; ; itl 
Ie dicis ihr ғ ааа copy of this EE : 
solutions of Condolence passed by Local Monast o to 
| Maie, © forwarded to the Home Secretary for transmissi 

5 Majesty,» 


| ; ived 
: тау Say that copies of resolutions have been rece 
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from the Local Sectionsof the Institution in Dublin, Glasgow, 
and Manchester, and telegrams have been received from our 
Local Sections at Calcuttaand Cape Town. The resolutions 
аге as follows :— | 


CALCUTTA LocaL SECTION (By Telegram). 

“Тре Members of the Calcutta Local Section send respectful 
condolences to His Majesty the King on the occasion of the national 
bereavement, and beg to assure His Majesty of their heartfelt loyalty." 


Слре Town Locar SECTION (By Telegram). 

“The Cape Electrical Engineers desire to join with the Institution 
in expressing their heartfelt sympathy with His Majesty the King, and 
with the Royal Family in their great bereavement.” 


DunLiN Госль Section. Resolution passed at Meeting on January 
24th, 1901. 

“That we, the Dublin Local Section of the Institution of Electrical 
Engineers, desire to record the deep grief with which we have received 
the news of the death of our late beloved Sovereign Queen Victoria. 

“That this meeting do forthwith adjourn as a mark of our sorrow ; 
and 

“That if the Institution of Electrical Engineers propose to present 
a vote of condolence with the Royal Family, it is the desire of this 
Section heartily to endorse the same." 


GLascow LocaL SECTION. 

(1) “ That this Special Meeting of the Committee on behalt of the 
Glasgow Local Section of the Institution of Electrical Engineers, 
desires to express its deep sense of the loss sustained by the death of 
their late beloved Sovereign Queen Victoria, whose long and beneficent 
reign has been marked by such social and scientific progress." 

(2) “That an expression of confidence and loyalty be sent to His 
Most Gracious Majesty King Edward, with the hope that He may long 
be spared to reign over His attached people." 


MANCHESTER LocaL SECTION. 

“That we, the Manchester Section of the Institution of Electrical 
Engineers, desire to record the deep grief with which we have received 
the news of the death of our late beloved Sovereign Queen Victoria.” 


I have now to move that the Council Resolution be 
adopted by the Institution. 

The resolution was then carried unanimously, the 
-members rising іп their places in silence. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that they 
should be suspended. 
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The following transfers were announced as having been 
approved by the Council :— 


From the class of Associate Members to that of 
Members— 


John Reid Dick. | James Т. Rossiter. 
From the class of Associates to that of Members— 


Frank Broadbent. Henry Herbert Reynolds. 
Alfred Cecil Eborall. 


From the class of Associates to that of Associate 
Members— 


Trevor Duesbury. Sydney Cummins Smith. 
William Jones. William Paul Stcinthal. 
C. McCarthy-Jones. Edwin A. Uttley. 


Percy Sewell Sheardown. 


From the class of Students to that of Associates— 


Arthur Daniel Crowther. Kenneth Charles H. Newman. 
Charles Jones Lockyer. Arthur Woolmore Wigram. 
C. Macmillan. Herbert T. Wilkinson. 


Christopher Oscar Milton. | Harold Henderson Williams. 
Charles N. Nettley. | Walter Trevelyan Wright. 


Messrs. J. M. Elliott and E. J. Howard were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Library and Building and Benevolent 
Funds were announced as having been received since the 
last meeting :—To the Library from Messrs. Blackie and 
Sons, Messrs. Carré and Naud, the Radcliffe Library, Sir 
C. Todd (Member), and Mr. A. J. S. Adams (Associate). 
To the Building Fund from Messrs. R. |. Fuller, H. R. 
Carson, H. Lewenz, S. C. Smith, Н. M. Kollé, J. Н. 
Rosenthal, C. Е. Farlow, S. L. Brunton, F. Langley, H. G. 
Andrews, J. L. Vogel, Lionel Wood; H. Kilgour, J. R. 
Penning, Mark Robinson, Kenelm Edgecumbe, Henry Lea, 
Colonel E. D. Malcolm, Lord Kelvin, A. G. Hansard, H. G. 
Thomson, A. Stroh, J. Maclean, Norman Endacott, Robert 
Hammond, H. J. Garnett, |. В. Bedford, К. О. Ritchie, 
H. C. Chamen, M. M. Gillespie, A. P. McDouall, A. D. 
Constable, F. H. Goodall, W. McGeoch, H. G. Beeton ; 
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and to the Benevolent Fund from Messrs. R. Vicars Boyle, 
M. S. Chambers, Kenelm Edgecumbe, Mark Robinson, 
Alex. P. Trotter, E. B. Thornhill, and H. J. Wagg, to 
whom the thanks of the meeting were duly accorded. 


The PRESIDENT: We now pass to the adjourned 
discussion on Mr. Mordey's paper ; but I will first ask Mr. 
Mordey to say a few words, as he wishes to do so before 
the discussion is resumed. 


Мг. W. M. Мокркү: At the end of the discussion on the las 
occasion matters were left in a state of uncertainty. My paper wa 
criticised by my friend Professor Ayrton with his usual energy—I will 
not say his wattless energy. His criticism now amounts to this—that 
what is new is wrong, and what is old is his. However, I am very glad 
indeed to have his criticism, and I hope that this matter, now that it is 
before the Institution, will be thrashed out thoroughly, so that we may 
feel at the end of it that, at any rate, we know a little more about it 
than when we began. Professor Ayrton has had this advantage—that 
the paper was sent to him by the President two or three weeks before 
any one else, so that he has had time for careful consideration before 
speaking. He has evidently come to the conclusion that his first read- 
ing of the paper led him to undervalue it, for after that first reading 
he took the trouble to call on me to point out that there was nothing 
in the paper at all except what he had been teaching his pupils for 
many years, and that there was nothing to discuss. 

Before the discussion is renewed, I wish to be allowed to make a fev 
remarks on two points. I wish to make a correction or an addition to 
a part of my paper. In the first part of my paper I drew attention 
to what I described as a well-known fact, that from the volts and 
periods and current you can calculate the capacity. I advised cenae 
station engineers to use an ammeter to take the charging current, and 
to determine the capacity inthat way. Professor Ayrton thought 1 had 
omitted to give him credit for having known that fact a great niam 
years ago. І understand that he claims that as his method, invented 
by him years ago, and taught to his pupils ever since. As a matter 
of fact, it is a method that was common property before the дайт 
he mentions, and he has no right whatever to claim it. Iam, however. 
prepared to believe that he has been teaching it ever since. But, since 
he claimed it at the last meeting in that way, I was led to look into" 
a little, as I thought possibly it might not be right, and I found thal 
as a practical method it was useless—that for the ordinary commercial 
conditions of electrical distribution by alternating current, the advice f 
gave to central-station engineers was not wise. I found that the current 
on a given capacity might be two or three times what that meted 
would give. The explanation of this very serious possible error (as 
everybody will see when it is pointed out) is that the method demands 
sine curve E.M.F. waves. Such waves are not often met with ШІ 


| 
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practice, and apparently even slight departures from the sine form 
cause considerable difference in the current. There was not one word 
of warning given us by Professor Ayrton last week as to the enormous 
correction that might have to be applied in the use of this formula that 
he informed us he had been using for so many years. I know the cor- 
rection is involved in the mathematical expression, but it is not suf- 
ficient to use a formula to entitle you to claim that you know all that 
is involved in that formula. This introduces а new definition of power- 
factor. If the current varies two or three times for a given voltage, the 
power-factor may vary in the same proportion, although the energy may 
ђе ће same. It is very important that I should point that out. I ask 
those who may do me the honour of taking part in this discussion, if 
they refer to any results they have obtained, to state whether the power- 
factor, they obtained is based on the ratio of the true watts to the 
volt-amperes, or is based on the calculated apparent watts with a sine 
function machine. 

There are other points that I should like to refer to, particularly as 
I gave a pledge at the end of the last meeting that I would try to give 
some further information on the point as it was left then, but as you, 
sir, evidently prefer that I should not do it now, I can only ask to be 
allowed to do it at a later time. I think perhaps it might put the 
matter on a little more satisfactory basis if I referred to it now. 

Mr. C. Р. Sparks : Mr. Mordey in a commencing paragraph of his 
Paper refers to the capacity of cables as a serious drawback to 
alternating current working. It is true that it is a disadvantage at 
times of very light load, but this can be largely neutralised by energising 
à minimum number of cables. 

In most E.H.P. stations there are two or more feeders leading to 
every distributing station, one of which can be used at times of light 
load, and extra mains can be connected with the rising load, thus 
reducing any inconvenience due to the leading capacity current to опе- 
half or one-third, as the case may be. As most of the apparatus con- 
nected to the system, with the exception of the incandescent lamps, is 
of an inductive character, the capacity of the cables becomes a posi- 
tive advantage and improves the load factor. The capacity and die- 
lectric hysteresis of the cable vary with the character of the dielectric 
and the form of wave curve given by the alternator. The instance 
given by Mr. Mordey is for a rubber dielectric in which the capacity 
and power-factor are abnormally high. Had a paper dielectric been 
used in place of rubber, any inconvenience from capacity would have 
decreased to one-third for every mile of cable in circuit. Since the 
date when these cables were set to work, * paper” has almost entirely 
replaced rubber as a dielectric for such purposes. This is not only due 


Н н capacity, but also to its very much lower price and greater 
durability, 
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Paragraph of his paper, Mr. Mordey alludes to the low 
à large alternator running to supply the capacity current ; 
the large steam consumption of such а set on light load. Up 
with the limited number of E.H.P. stations in England, the length 
es has in no case been such as to make the capacity current 
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beyond the capacity of a small unit, and, although greater economy 
might have been reached by using still smaller units at times of light 
load, it is necessary, in case of a sudden demand, to have some reserve 
of power on the working plant. Under these circumstances, little 
advantage would be felt in any existing station if the ‘capacity current 
was balanced by means of chokers at times of light load so as to cut 
down the size of the unit. 

I should like to give some explanation of the figures on which Mr. 
Mordey has based part of his paper, namely, those relating to the loss 
of energy in dielectric hysteresis in this concentric rubber cable. 
Some eleven months since Mr. Mordey wrote asking me to give him 
permission to test, on one of our cables, his method of balancing the 
capacity-current with choking coils, and offered to construct a choking 
coil to demonstrate the reduction. Since this date, as pointed out in his 
paper, he has found the method was patented by Mr. C. S. Bradley in 
1897. "The first tests made in March reduced the current from 6 to 16 
amperes, the connections being as shown on page 378 of Mr. Могдеу$ 
paper. 

Following these tests, Mr. Mordey wrote asking me to consider the 
application of this method to our system of supplv, and offered to 
construct a further choking coil which would still further reduce thc 
idle current. Before coming to any decision in the matter, we made 
the further tests which Mr. Mordey has given in his paper, and I may 
point out here that these tests were made for our own purpose and not 
specially in view of their being used for any publication. 

'The figures were as follows :— 


Cable. Concentric Rubber 5$ miles; capacity, inner to outer 
86 m.f. ; outer earthed ; cable disconnected from switch 
board ; insulation 6,000 meg. per mile. 


Periodicity ........... TUR . 100 
МЕ ТТ... 2,000 volts. 
Watts in cable alone........ ——— HO tae I,509 
Watts in choker alone ..................... 530 


Watts in choker alone with keeper on 495 


I may here point out that the meter revolved in one direction when 
connected to the cable and in the reverse direction when connected to 
the choker. The watts were then taken with both choker and cable in 
circuit, the choker having the keeper removed. The energy shown 
Was 2,015, or within twenty-four watts of the tests made separately wilh 
leading and lagging currents. Assuming а low power-factor in the first 
tests, we must have had a much higher factor in the later, as the 
apparent watts were reduced to 3,200 as against 12,000. These figures 
were forwarded to Mr. Mordey, and he accepted the figure of 550 
watts taken in his choker, although he points out in his paper that 
the calculated loss was 216, and accounts for the difference by eddies. 

With regard to the изе of Schallenberg Energy Meters for the 
purpose of measuring energy, a similar instrument to the onc used with 
its transformer has been subjected to the following tests, the standard 
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of comparison being a Kelvin Electrometer Wattmeter specially 
arranged for alternating current-power testing under the supervision 
of the late Dr. John Hopkinson. Іп testing instruments against this 
standard it is found that a particular instrument can be adjusted to 
read true watts at a periodicity of тоо working on a non-inductive 
circuit, the pressure being supplied by an alternator giving a sine curve. 
The same instrument records energy within one per cent. when 
connected on a non-inductive circuit of fifty periods ; thus, under these 
conditions, there is no periodicity error. On connecting the pressure 
coil of the instrument to an independent circuit, displaced go per cent. 
cos $ thus equalling nothing, the instrument no longer revolves although 
the {оаа current is passing through the series coil. The same 
instrument calibrated with cos ф = ‘1 `2 and ‘3 records the true watts 
Within 3 per cent., at these phase differences the instrument giving 
identical readings whether supplied with a leading or a lagging current, 
(the direction of rotation reversing each time). These instruments have 
been used to check transformer core losses, and have been found to 
agree with the figures observed by other methods of measurement 
(power-factor here “7 to 8). 

I was not able to be present at the last mecting of the Society, when 
Mr. Mordey's paper was read, but understand that Professor Ayrton 
severely criticised the figures given by Mr. Mordcy. I, therefore, took 
ал opportunity of reading Professor Ayrton's remarks, from shorthand 
Writer's notes, from which I understand that he took exception to the loss 
of energy given, and predicted that, if tests were carefully made, the 
los of energy would be found to be about one-tenth of the figure 
Sven. Under these circumstances, I thought it advisable to 
Supplement the figures previously obtained by some other system of 
measurement, having in view that a possible error might have arisen in 
the energy meter used through the fact of it having been standardised 
ona machine giving a sine curve, and also in view of the fact that the 
‘ame instrument had not been calibrated at two different periodicities 
at a low power-factor, although separate determinations were correct. 

The method chosen was measuring the difference of power required 
to drive а generator driven by а direct-current motor. This set 
consisted as follows :— 

(a) A two-phase so-period machine having a capacity of 50 k.w. 
per phase, | 

(b) А single phase 100-period machine having a capacitv of roo k.w. 

(c) The direct-current machine generally used for exciting the two 
alternators, and alternatively for starting them. Тһе machine was 
Constructed for carrying a large over-load for a short period for this 
Purpose. The capacity of the direct-current machine was 60 volts by 
125 amperes by 7-5 k.w, 

On commencing this system of measurement, the first difficulty met 


Was finding the current largely in excess of that given by the well- 
known formulze— | 
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the capacity-current being 2'r times the amount given by this formule, 
the capacity having apparently increased by this amount. In order to 
check whether the difference was due to some wrong connection, an 
alternator, giving an approximately sine curve, was connected Бу the 
change of one connection only, when it was found that the capacitv- 
current taken by the cable at once fell to the value expected from the 
formule. On repeating the test on the alternator previously used. the 
current at once rose to the value as given above. The motor generator 
readings of power when using the machine giving this abnormal result 
were as follows :— 

Input into continuous-current motor, running the alternators at 
normal speed at roo periods, the alternator being excited to give 2,000 
volts from an independent source, 8 k.w. "Ten miles of cable having 
І.К. dielectric of :86 m.f. per mile inner to outer was then connected, 
when the power required to drive the motor rose to 14°4 kw. Sub 
tracting from this the light load and C?R losses in the motor and 
alternator gives a balance of 3,160 watts losses in the cable, This 
giving a power-factor, taking the actual apparent watts observed on the 
cable, of “0060, the watts lost per mile being 316. Two tests al 
100 periods were taken on separate occasions, the above results being 
the mean. From this it appcars that, with the abnormal wave form 
of this machine at 2,000 volts pressure, a power of 316 watts is lost pet 
mile at тоо periods, while the apparent capacity (and capacity-current! 
here is 271 times its normal valuc. 

Another test was then made on one phase of the other alternator at 
со periods on the same cable, the alternator being excited to give 2,00 
volts from an independent source. The results, taken in the same way 
as the other tests, give, as a minimum reading, a power-factor of 704 01 
the observed current. The wave form of this machine must approv 
mate to a sine curve, the difference in the capacity-current being only 
9 per cent. from the calculated amount ; the watts in the mean result in 
this case were 63 per mile, at 50 periods 2,000 volts. 

Since making these measurements I have received a letter from 
Professor Ayrton offering Dr. Mather's services to make an independent 
test on the particular length of cable referred to by Mr. Моге. 
These experiments were made this morning, and I have just received à 
copy of the results obtained from Professor Ayrton. The tests wer 
made by energising a 54 mile length of І.К. cable having a capacity 
of `86 m.f. per mile from our substation, at a pressure of 2,250 volts 
from a transformer. The current flowing into the main was (№, 
showing that the transformer was giving approximately a sine wav 
Тһе current into the choker, which I understand had a weight of č 
lbs. copper and no iron, was 66. The actual current required K 
“supply the main and choker combined was 277 ; this compares with the 
1:6 obtained hy Mr. Mordey. The energy was measured by means el 
a Ganz Wattmeter, of similar construction to a Siemens Dynamometer. 
having the moving coil wound with fine wire, and connected through 
a large non-inductive resistance with the pressure side of the De 
The ammeters were hot-wire instruments, the pressure being measured 
on an electrostatic voltmeter, the periodicity being checked with à 


1901.1 WORKING : DISCUSSION. 401 


periodicity recorder, and the wave form examined through Mr. Duddell's 
Oscillograph. The energy measured by wattmeter in both cable and 
choker was 798 watts ; deducting from this the CPR losses in the choker, 
we get 503 watts. 

A test was then made with the choker in series with the cable, 
when the energy was found to be 763 watts ; deducting C?R losses т 
the choker of 281, the energy taken by the cable was 482 watts. 

The current flowing into the cable is approximately that given by 
the formulz for a sine curve, and this was further checked by the curve 
being examined on the oscillograph. Тһе power-factor in each of 
these cases was ‘034, and the power lost per mile of cable at тоо periods 
2,225 volts being 06 watts. 

These cables have been constructed for an ultimate working 
pressure of 6,000 to 6,600 volts at 50 periods, and on the assumption that 
the power-factor remains the same when the pressure is raised from 
2,000 volts to this amount, the loss of energy will increase, taking the 
lowest power-factor found, namely, ‘034, from 96 watts, as it is at 
present, to 335 per mile. 

Taking 0'034, the power-factor found for this I.R. dielectric, and 
applving it to a practical instance we find :—That if four such cables, 
Working at 6,000 volts and so periods, connect a distributing centre 
with the generating station, distant I25 miles, or a total length of 
50 miles of cable; the annual losses from dielectric hysteresis are as 
follows (if all four mains remain under pressure the whole year) :— 


Maximum energy delivered per cable 600 K.W. 
Taking three working cables and one 

spare, maximum energy delivered to the 

distribution station 1,900 K.W. 
10 per cent. load factor : = 180 K.W. 
Units delivered per annum 180 X 8,760 = 1,752,000 
Losses in cable at 335 watts per mile. 


‚ (Оп basis of power-factor of “034, as found by Мг. Mather оп І.Е. 
dielectric when testing with a wave form approximately sine curve.) 


Losses = 335 X бо X 8,760 — 155,500 
P 242 UN қ 155,000 
ег cent. loss as above to units delivered = —?'—— 
1,752,000 

If we substitute for this dielectric ап (oiled) paper dielectric the 


capacity is reduced to one-third, and the power-factor to about 7025. 


== 8:3 per cent. 


The energy lost per mile (D.H .) == 82`0 watts. 
Per cent. loss reduced to = 82 x 5o x 8,760 шы 95/090. 2. per cent. 
1,752,000 I 97 52,000 


Under these circumstances I consider that, although Mr. Mordey 
been premature in bringing forward this matter for discussion 
before obtaining comparative results from other cables having a 
different dielectric, the thanks of the Society are due to him 
[ог having pointed out the importance of capacity and dielectric 
hysteresis in alternating-current working, which has not had the 
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Мг. Sparks. attention of the bulk of our members although known to some. Тат 
aware that by using other dielectrics a lower power-factor may be 
obtained ; but, from tests on other dielectrics, it is clear that in the best 
cables the power-factor is about 2} times the amount suggested at the 
last meeting by Professor Ayrton, while it is possible, as is shown by 
the figures I have given, to find, in exceptional cases, a power-factor 
which is 34 times the amount. 

In conclusion I should add that my best thanks are due to two of 
my assistants, Mr. Dallas and Mr. Smout, for their ready help in 
making the foregoing tests, and also to Mr. Gillespie, of the Westing- 
house Company, for the great trouble taken in making special calibra- 
tions of the instruments used. 


DIELECTRIC HYSTERESIS. 
Concentric rubber cable. Capacity 22:86 m.f. per mile. 
Sec. =O - 45 


(1) "Energy measured by variation of input into direct-current 
motor driving alternator, deducting C?R losses in motor and alternator. 


| | кк bana Е “atts lost 
vote. dou Length | Ratio о |с. | Watts ке 
, К. of : observed |, mi: 
C\J Alternator. Volts. x Cabl in sn aie toc NAMES on open 
Amperes. | 73? *?- | Miles, | САР. Cur XA! irit 
calculated cur. | circuit. 
i D 
тоо B.T.H | 
K.W | 
. on. 2,000 46,000; 8:6 IO 271 à 315 
Single Phase |7” 49, | 069 | 3 
ТОО | | 


(2) *(Tests taken by Dr. Mather) Ganz Wattmeter from transformer 
Fed from net work at substation, ten miles from station. 


ee ———— 


99  Mordey | | | 
K.W. | А | | 5 T 
Single Phase ш 15,500 | 472 | Si гоз 34| 9 
150 | | Е 


(3) Original test taken тт months ago. Energy measured bv 
Schallenberger Wattmeter. 
E a a ТОСООР ЕССЕ 


тоо  Mordey 
K.W. 
Single Phase |?/049| 12,390 | 4°72 5% 1'02 


150 | 
ЖӘНЕН HERE NEU OMM БЕККЕ КК Ұлы 


т Motor generator tests are mean of several observations. 
? Three sets of tests taken :— 
(a) Watts measured on cable alone. € 
(5) ji and “ Ironless " choker, placed across 
cable ends. 


(c) Watts measured on cable alone in series with same choker. 
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(4) Motor and generator. Same as No. r. Minimum observation. 


DL 2,000 11,800 | 86 IO | 116 04! 47 
2-Phase 50 | | | 
(5) Same аз (1). 
| 
5о В.Т.Н. 5 77 


2.000! ` ‘06 
Maximum observation. | 


| i 


Dr. J. А. FLEMING: Мг. Mordey has given us a plenitude of 
material to discuss. At this late hour of the evening, I will ощу 
touch upon one point which is one of the principal ones in 
his paper, viz., the measurement of the dielectric losses in a cable. 
Mr. Mordey tells us that his experiments showed that the true losses 
in 5$ miles of a certain india-rubber insulated cable was about 
2 H.P., and that the power-factor was about 712, or 12 рег cent., and 
these measurements, he said, were made with a recording wattmeter. 
He gives us no details of the experiments which he undertook to 
ascertain the correctness of this wattmeter. He simply says it was 
tested on a circuit of low power and found to be correct. I might 
remind him that ten years ago in this room, I brought before this 
Institution a Paper in which a number of measurements were recorded, 
taken on the Ferranti cables which had just then been laid. We were at 
that time interested in the large capacity current of these cables, and 
this current was found to be something like 44 or 45 amperes at a 
pressure of 10,000 volts. This corresponds to about 600 apparent H.P. 
The chief thing which concerned those who were connected at that 
time with the London Electric Supply Corporation was how much of 
this apparent боо Н.Р. was real horse power. In those days I had ‘not 
any wattmeter which would ‘deal with these large pressures, but I 
remember that Mr. d'Alton, who was then the engineer-in-chief of the 
Corporation, attacked the problem in a very practical manner. Не 
took one of the day-load engines at Deptford coupled to азоо Н.Р. 
alternator, and he ran it empty and took very careful indicator friction 
diagrams, Then he switched on to the alternator the Ferranti cables 
one by one, taking diagrams in between each connection, and in that 
way he found that the real power taken up in the dielectric of these four 
Ferranti cables was about 10 ог 12 Н.Р. I have not been able to lay 
my hands on the exact figures of observation, but I think I can trust 
my memory in this respect. One thing I am absolutely certain of is 
that the power-factor of these cables was not so large as 12 per cent. 
The power-factor we found for these cables was "02 or 2 per cent., 
which confirms the figures which have been given by Mr. Sparks for 
certain other dielectrics. If it had been 12 per cent., or anything like 
the figure Mr. Mordey gives, it would have meant that 5o or 60 rcal 
H.P. were taken up in the Ferranti cables, and that certainly was not 
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the case. Then comes the question: Is that difference due to the 
nature of the diclectrics—paper іп our case as compared with the india- 
rubber in Мг. Mordev’s—or is it duc to an error in measurement ? Has 
Mr. Mordev been misled by his wattmeter ? Mr. Mordey will remember 
that some six or eight years ago, or rather more, we were very much 
concerned in discussing the advantages of open and closed magnetic 
circuit transformers; and that after the question had been battled for a 
long time between Mr. Mordey and Mr. Swinburne and others, it was 
agreed that cach of them should put a transformer into mv hands to be 
tested and that I should act in some sort as an umpire between the 
two. Мг. Mordev sent me a closed iron circuit transformer, and 
Mr. Swinburne sent an open iron circuit one. Мг. Swinburne was 
so kind as to send with his transformer a wattmeter which he had made 
for the purpose. It was a harmless looking instrument, but nevertheless 
a miracle of ingenuitv, for whilst it measured perfectly correctly, when 
applied to measure the iron loss in Mr. Mordey's transformer, vet 
when applied in the same way to measure Mr. Swinburne's own 
transformer, its indications were too small by 50 per cent. I never felt 
a higher appreciation of Mr. Swinburne's ingenuity than I did on that 
occasion. But more, the very same wattmeter was applied to test the 
dielectric loss in a condenser which Mr. Swinburne also sent me, 
because he was very much interested at that time in employing 
condensers to neutralise the large magnetising current of open circuit 
transformers. When, however, his wattmeter was applied to measure 
the dielectric loss in this condenser, it was found to measure 300 per 
cent. too much. We had some little discussion here as to the causes 
of these deficiencies апа of that remarkable performance, and I think 
it was Dr. Sumpner who pointed out from the figures of observation 
that I gave that it could be accounted for by the eddy currents set up 
in the metallic parts of the wattmeter construction, and that if these 
were prevented the instrumental error was removed. Ever since that 
time I have made wattmeters in which I have not used any metal 
parts. Such an instrument is more rcliable than the usual productions 
of the instrument maker. I suggest to Mr. Mordey that he should 
re-examine this question with the aid of another wattmeter, and, in view 
of the great difficulties which occur in using a dynamometer watt- 
meter, on circuits of small power-factor, I think it would be desirable 
to employ а confirmatory method of a kind which I have used 
with some success. Let him take a continuous-current motor and put 
on to the shaft a couple of slip-rings, and provide those with brushes so 
as to be able to draw off from the armature of the motor a single-phase 
alternating current: Run that motor empty from a secondary batterv 
and he can measure the power put into it by a potentiometer with anv 
degree of accuracy he pleases. Then if we connect the two brushes to 
the copper circuits of the cable to be tested and any true power із taken 
up in its dielectric, it must show itself on the continuous-current side of 
the motor by an increased power absorption, and you can make the 
measurement of the true dielectric loss in that cable with very little 
trouble and with a great degree of accuracy by measuring the increased 
power absorption on the continuous-current side. That is practically 
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only a refinement of the method which Мг. d'Alton employed many 
years ago at Deptford to ascertain for himself as a practical engineer 
the real losses in the Ferranti cables. 

With regard to Mr. Mordey's wattmeter, perhaps I may be 
allowed to say one word before sitting down. Мг. Mordey has con- 
structed a wattmeter in which he makes one circuit do duty as the 
secondary circuit of the auxiliary transformer and the movable part 
ofthe wattmeter. Не gets rid in this way of the mercury contacts, but 
I must say that I do not see that this is any very great advantage. It has 
one great disadvantage over the method which I suggested eight years 
ago of using the auxiliary transformer separately, and that is vou have 
n0 means of ascertaining, by any experiments, precisely what is the 
phase of the current in the movable circuit as compared with that of 
the impressed E.M.F. on the primary terminals of the transformer. A 
very little difference of phase in these two quantities affects very much 
the wattmeter reading when operating on а power-absorbing circuit of 
low power-factor. Take, for instance, Mr. Mordev's own case. He tells 
us that his own wattmeter showed a power-factor of o'12. И that 
hgure is correct, it shows that the current was about 83° in advance of 
the E.M.F., and he found 2 Н.Р. taken up in the cable. If his current had 
been 90% in advance of his E.M.F., it would have indicated that no power 
Was being taken up in the dielectric. Hence this inferred loss of 2 Н.Р. 
depends entirely on the accuracy of this difference of phase of 7^, and 
he does not give us in his paper any proof that that wattmeter was 
absolutely correct to that extent. If the phase difference, for instance, 
had been but 34° instead of 7°, the power absorption would have been 
І Н.Р, and not 2 Н.Р. Therefore, I think it is advisable in all these 
measurements of power absorption in circuits of small power-factor to 
check these determinations by the wattmeter by some other direct 
method, such as I have suggested. 
. Dr. №. E. SuMeNER : Mr. Mordey's paper has given rise to manv 
Interesting points, but I will confine myself to two. Опе is the power- 
factor which Mr. Mordey has alluded to; the other is a factor which 
Mr. Mordey has left out of account, and which, 1 think, is of equal 
importance with the power-factor in determining what his paper is 
Intended to bring before us—namely, the relative importance of the 
losses which go on in the cable. Mr. Mordcy has given us a number of 
figures which give the number of watts supposed to be lost in the cable 
under certain circumstances; but none of these numbers have been 
Compared with the really important matter about the cable—namely, 
the load that that cable is intended to transmit. There are two factors 
which determine the percentage which the loss іп the cable bears to the 
load Which the cable transmits. One is the power-factor, and the other 
15 the ratio of the Capacity-current to the load-current. Mr. Mordey in 
no part of his paper has referred to the load-current, or to the propor- 
tion which the Capacity-current bears to that load-current. If, for 
instance, the Capacity-current is half the load-current, and if Mr. Mordey’s 
Power-factor is correct, the loss in the cable is 6 per cent. of the load. If, 
however, the capacity-current is one-tenth of that load-current, then, 
‘upposing Mr. Mordey's power-factor is true, the loss in the dielectric 
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is only r2 per cent. Now what is that proportion? Тһе proportion 
depends upon something which Mr. Mordey has alluded to, but which 
he has given no precise information about—namely, the percentage drop 
in volts which is allowable in the line. What is that percentage drop 
of volts? Iask you to assume that the drop іп the line is 4 per cent. I 
take that figure because I know as a fact that that was the percentage 
loss in the cable at Deptford ten years ago. Take, therefore, the case 
Mr. Mordey has mentioned, of 54 miles of 37/15 cable, run at 6,000 volts, 
and 50 periods. Under these conditions the capacity-current works out 
at 9 amperes. The load-current comes out at 77 amperes, and the 
current density is less than 500 amperes per square inch. The load- 
current is 77 amperes as compared with a capacity-current of 9 amperes. 
That is to say, the load-current is more than eight times the capacity- 
current. It Mr. Mordey's power-factor is corrcct, the loss in the dielectric 
is only 14 per cent. of the full load ; or if what I consider the power- 
factor 15 correct —namely, the number which Dr. Fleming has mentioned, 
'02—the loss in the cable is only $ per cent. of the full load. "That is to 
say, the cable can be run for sixteen hours at the full voltage without . 
losing more energy than would correspond with the heating of the 
copper in one hour at full-load. This ratio of capacity-current to load- 
current is a factor which Mr. Mordey has entirely left out of his paper, 
and which I contend is a factor just as important as the power-factor in 
determining the importance of this dielectric loss. 

Тһеге are other matters in reference to the choker device which I 
should like to allude to if I had time. Мг. Mordey has not referred at 
all to the loss in the choker ; he has not compared it with the loss in the 
line. If you take the power-factors which I believe to be correct—2 per 
cent. for the line and 4 per cent. or 6 per cent. for the choker—the 
power-loss in the choker is two or three times the power-loss in the 
line, so that if the power-loss in the dielectric is important, {Бе power- 
loss in the choker is still more important. 

I pass on to consider the matter of the power-factor. Mr. Mordey 
has given us a number for it higher than anybody else has ever obtained, 
and which is quite at variance with the numbers which have been 
published. I need not quote them. Dr. Fleming has already mentioned 
his measurement of ‘02, which coincides with my own results and with 
those of Professor Ayrton. I have not had an opportunity of testing 
long lengths of cable, but I have tested a large number of condensers 
at various times during the last twelve years, and have always found the 
power-factor to lie between ‘025 and “015. In the large majority of 
cases a figure close to ‘o2 was obtained. How, then, isit that Mr. Mordey 
has got his very high results? I can suggest several possible explana- 
tions. I cannot pretend to show the reason, because Mr. Mordey has 
given us no particulars of the conditions of the test. But there are two 
points in the paper on which I should like Mr. Mordey to give us 
information in hisreply. He says on p. 372 that the wattmetter he used 
for testing this cable had been specially tested опа circuit of low power- 
factor. I am not going to dispute that at all, but I wish to know whether 
the circuit on which the calibration was made took a leading, or a lagging 
current, and how the power-factor was tested independently of the watt- 
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meter under test. Тһе point I wish to make is this, that it is quite 
possible for a wattmeter to measure fairly accurately on a circuit of 
low power-factor, say ‘02, if the circuit on which it is tested carries 
a lagging current ; and yet the same wattmeter may read absolutely 
wrongly, and even negatively, when the circuit takes a current of the 
same power-factor, but a leading current instead of a lagging one. I 
do not think it has been noticed before that it is easily possible for 
a wattmeter to read negative on a condenser circuit. It is a fact that 
can be easily explained when the low power-factor of the condenser is 
taken into account. If a condenser has a power-factor of only ‘oa, it 
means that the phase difference between the pressure-current and the 
load-current is 88:69 Thus the phase difference falls short of 9o? by 
only 1%ог 149. If, therefore, the lag in the pressure-coil is more than 
14’—and that is a very small amount—the phase difference would not 
only reach 909, which would reduce the deflection to zero, but it would 
be actually more than 90°, so that the wattmeter would read negatively. 
'This 15 not а merely theoretical point : I have tested it experimentallv. 
I applied an alternating voltage to a condenser through a wattmeter and 
obtained a certain reading for the power. I then inserted a very small 
amount of selt-induction into the pressure-coil, and the reading was 
reversed in direction. Now is there anything in Mr. Mordey's conditions 
of test which would produce a lag of 14° or more? I think Mr. Mordey 
must have had in his circuit something which did that. I believe he 
must have had a transformer in connection with his wattmeter. At all 
events, I should like him to mention.in his reply whether he used а 
transformer or not. If you use a transformer the assumption usually 
made, that the voltages of the primary and secondary circuits are in the 
same phase, is only approximately true. It is true enough for the 
ordinary circumstances under which a transformer is used, but there is 
always a difterence in phase of something like 4 or 5 degrees between 
the two voltages, and if the load-currents are anything like the normal 
load-currents in the transformer, the phase difference may be consider- 
ably greater, That phase difference may produce some very extraordinary 
results when the converter is used for tests depending on phase. I have 
tried it experimentally for the sake of bringing the matter before this 
Institution. I have tested a condenser whose power-factor I perfectly 
well knew, by means of a wattmeter to which a transformer was attached. 
My transformer was not a toy transformer, as in Mr. Mordey’s watt- 
meter. I used one of а commercial size and of good make, and not 
having more magnetic leakage than ts usually found in transformers of 
good make. Ц was of 3-unit capacity, and very under-loaded. I used it 
under what I may call normal conditions, the full voltage on the coils, 
and with small currents through them. I also experimented with it 
under abnormal conditions, with low voltages on the coils, and currents 
comparable with, but less than, the full-load currents, conditions under 
which these effects would be abnormally large. This is the kind of 
result which can be obtained. The effect on the reading will depend 
upon the way the transformer is connected up, whether it is used in the 
pressure-circuit, or in the current circuit. The effect may be to increase 
or to decrease the reading. It may make it negative or positive. Taking 
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a condenser whose power-factor I knew was ‘62, I have obtained with 
one arrangement power-factors from +‘02 to 4-:06, and also up to 4-4. 
With another arrangement I have obtained negative power-factors of 
—`007 and —'44. If the wattmeter has its constant determined from the 
simultaneous readings of an ammeter and voltmeter on a non-inductive 
circuit, the wattmeter constant, if used with a transformer, will be 
wrong, owing to the influence of the leakage of the transformer. With 
a constant determined in this way it is possible to get apparently a 
negative power-factor for a condenser of —r'6—a result which is 
altogether impossible and absurd, but which is only absurd owing to the 
assumption made in the test that the transformer voltages are in the 
same phase. I do not wish to dwell upon the subject ; but just with 
reference to Mr. Mordey’s wattmeter I should like to say that I imagine 
the difference in phase produced by the toy transformer would be 
serious, and I really believe that if that wattmeter is used to test a con- 
denser or cable the result will appear to indicate that the cable generates 
power instead of absorbing it. There is sufficient evidence in Мг. 
Mordey's paper to show that the instrument is erroneous. He points 
out that its constant depends оп frequency. Now its constant can only 
depend on frequency owing to the fact that the lag in the pressure-coil 
influences the reading. If this is so the constant wiil alter not only for 
frequency, but also for the power-factor of the circuit under test. This 
means that the instrument can be used to measure what you already 
know, but not to measure what you do not know. 

[Communicaled, February 21st]: The error in a wattmeter due to 
inductance іп the pressure circuit can be expressed by a simple tormula 
when this inductance and the power-factor of the circuit tested are 
both small quantities. 

If fis the power-factor of the circuit tested (assumed to take a leading 
current), and if a refers to the pressure-coil and is the quantity usually 
denoted by the formula— 


where L/R is the time constant of the pressure-coil, and р = 27n where 
п is the frequency (more generally а is the tangent of the angle re- 
presenting the phase difference between the current in the pressure- 
coil and the voltage it is supposed to indicate) it will be found that-— 


actual reading of wattmeter — f—a 10-4 


true reading of wattmeter ~ f 
It follows that if /-шсо2 and а is greater than f the reading will be 
negative. Also if the reading is negative f must be less than а. More- 
over as a alters with frequency, being proportional to л, the correcting 
factor of the wattmeter must also alter with л. It also alters with у. 
The time constant of the pressure-coil of a wattmeter may easily exceed 
‘oool ; and as f, when the current frequency is 50, is 314, it follows that 
а may easily exceed ‘03 or be greater than f for a condenser circuit. 
Mr. J. SWINBURNE : There аге four main points in Mr. Mordev's 
paper : arranging choking coils to take up the capacity-current of 
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cables; measuring capacity in terms of pressure frequency and 
current ; importance of loss of power by dielectric hysteresis ; and a 
form of wattmeter. 

As regards the placing of choking coils and condensers in parallel, 
the scientific, or elementary trigonometric knowledge was quite old. 
The idea is also old in a way as a piece of practical engineering. 
Condensers were sold to take up the wattless currents of Hedgehog 
transformers. Mr. Mordey has himself dug up a testing arrangement 
at the Silvertown works. This was supplied about ten years ago, and 
consists of two transformers giving 40,000 volts and 3 amperes, supplied 
by a 30,000 watt dynamo. There are two choking coils made adjust- 
able, taking up to about 105,000 apparent watts. I had completely 
forgotten all about designing these until Mr. Mordey told me about 
them. But, in spite of these things, I think that Mr. Mordey has 
brought forward an arrangement which is new to most of us, though a 
rigid search would have unearthed primitive users. There is generally 
no difficulty in finding earlier examples of anything, but the device 
has to be re-invented before you can begin to make the scarch for 
prehistoric examples. Ав a matter of fact, there was a period of 
alternating current inventive activity about ten years ago, and much of 
what was done then is now buried, as it is never read, and is not, 
therefore, public knowledge. It requires nearly as much ability, and, 
in sone cases, just as much, to re-invent a device as to invent it for the 
first time. Apparently there were many cases where the capacity 
current was a difficulty. Those who had to deal with it did not know 
what to do, and those who did know what to do did not exist, or were 
not there; and Mr. Mordey stepped forward and solved the difficulty. 

Measuring capacity in terms of pressure, current, and frequency, is 
an old practice, but a practice that has been largely forgotten. My 
condensers in old days were all labelled in current. Though Professor 
Ayrton may have asked for his condensers to be graduated in this wav, 
our practice was not the result of his suggestion. It was alwavs the 
practice, and all the condensers were marked in current. The method 
is none the worse for being suggested by Professor Ayrton. As 
engincers measured the idle current of the Hedgehog transformers 
in amperes, it seemed the obvious thing to mark the corresponding 
condensers in amperes. This practice has died out, and, though a 
condenser cannot be accurately marked in amperes, as a rough method 
it is good, and, though he now disclaims it, I think Mr. Mordey did well 
in calling attention to it. 

The loss of power by dielectric hvsteresis, or whatever we like to 
call it, isa matter of the gravest consequence. Whether Mr. Mordey 
has measured it incorrectly or not I have no idea ; neither do I think it 
matters *ery much, unless his measurements are so very erroneous that 
there is no really important waste of power in the dielectric. As the 
waste of power is going on always, it is a serious matter, even if small 
in comparison with the full load copper loss of the cable. This 
diclectric loss will vary enormously in different cables. Not only will 
rubber differ largely from paper or oil cables, but most likely different 
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same cable will vary considerably. Temperature will also probably 
affect the loss greatly in a given case. That may, to some extent, 
account for the discrepancy between Professor Ayrton’sand Mr. Могдбеуз 
figures, though it can hardly account for the whole difference. The 
term dielectric hysteresis has been applied a little rashly. If Maxwell's 
suggestion is at all near the truth the term is misapplied, and the loss is 
purely due to C'R. For example, condensers in series with resistances, 
or condensers in series with some of them shunted by resistances, 
would show apparent dielectric hysteresis. Again, the insulators that 
heat most are those whose specific inductive capacities are abnormally 
high in relation to their refractive indices, and this would tend to show 
there is, so to speak, molecular conduction, or little-resistant paths of 
lengths of the order of the dimensions of molecules. It is probable 
that, if there is a demand for cables with low dielectric losses, such 
cables can be made. The power-factor of the condensers made at 
Teddington was much lower than the figure given by Professor Ayrton. 
It is quite possible they may have deteriorated in ten years; that i» 
more likely to be the solution than that Professor Ayrton's measure- 
ments are wrong. 

A wattmeter must be specially well designed to test loss in dielectrics 
The simplest way of checking them is with a two-phase dynamo. А 
resistance load is put on each circuit, and the wattmeter circus 
changed over so as to get two readings, so as to get the error due to the 
wattmeter in one direction, while the error due to want of symmetry of 
the dynamo cancels out. When I made things I made wattmeter. 
and they were checked with an old Gramme Jablochkoff machine. 
In spite of that Dr. Fleming's indictment is true. It was not a question 
of fiendish ingenuity on my part though. The instrument was designed 
all right, and the main coils were carried by two insulated bra 
pillars. The works saw no reason for insulating one end of the 
pillars, and removed the insulation. Hence the accusation of crime. 
How many wattmeters were sent out like this I do not know. The 
resistance to be used in series with the pressure coil is most important. 
We wound them with a single wire, reversing the bobbin in the late 
after each layer. This avoids self-induction, capacity, and leakage 
errors, and is much better than double-winding. Мг. Duddell finds that 
one of these bobbins is faulty, and apparently sparks inside. Whether 
that is a fault in make-up or an error in design I do not know, asl 
have not examined the coil. It is probably a fault in make up of th 
particular coil ; but, in any case, Mr. Duddell's observation is important. 

As to the particular wattmeters used in Mr. Mordey's experiment: 
there is no very clear account given. Mr. Baillie pointed out to me 
some time ago that self-induction, the ordinary error of a хате, 
diminishes the reading оп a condenser, unless it is so great as to caus 
the instrument to read negative watts. | 

Mr. T. MaTHER: Mr. Mordey's paper has been useful in drawing 
attention to the importance of Dielectric Hysteresis losses in concentric 
cables. There are, however, several points in his paper which canne 
pass without criticism. The chief of these points is that a concenlr 
cable absorbs a considerable amount of power when subjected 10 high 
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alternating pressures, and since nearly half the paper is based upon this 
alleged fact, it demands first place in the discussion. 

I may preface my comments by saying that to avoid ambiguity I 
shall use the expression “volt-amperes” instead of “apparent watts," 
and restrict the word “watts” to real power. 

Mr. Mordey says that cables have power-factors as high as 0°124, i.e., 
they waste, at light load, about 4th the volt-amperes supplied to them. 

It should be noted that this number is the result of a single experi- 
ment on a single cable, and does not seem to have been repeated 
or checked by any independent method, and yet Mr. Mordey bases 
half his paper on it and works out tables of losses for cables of various 
capacities working at various voltages as if his power-factor 0°124 was 
like the “laws of the Medes and Persians.” That this value 07124 
is far above the average is conclusively seen from the numbers given 
below in Table I. 

The loss found by Mr. Mordey is so large that it would have been 
quite easy to measure it in several well-known ways, and in my opinion 
the high figures should not have been published until there was no 
doubt whatever about. their substantial accuracy. For in effect Mr. 
Mordey's result condemns cables for high pressure alternate current 
working on the uncorroborated evidence of a single specimen. How 
would Mr. Mordey like all his alternators condemned because the tests 
on a particular alternator of some other make showed, or seemed to 
show, it to be a very poor опе? 

For, суеп if we grant the loss mentioned by Mr. Mordey for the 
particular cable, it would still have been desirable to test many other 
cables before drawing generalised conclusions intended to apply to all 
cables. 

Ordinary wattmeters, and especially so-called “recording watt- 
meters," are very inaccurate at low power-factors unless special pre- 
cautions are taken to ensure the current in the pressure coil being 
strictly in phase with the applied P.D., so that Mr. Mordey's method of 
measuring the loss, even though his meter, as he asserts, had been 
tested at low power-factors, was not a very fortunate one. 

А convenient method of measuring dielectrig losses is to use ап 
“ironless” choker of inductance suitable for bringing the current in, or 
nearly in, phase with the alternator P.D., and using a moderately good 
wattmeter to measure the power in cable and choker. The loss in an 
“ ironless” choker wound with thin wire can be found very closely by 
C^R, and the differences between С?К and wattmeter reading gives the 
loss in the cable. 'Two arrangements are possible :— 

(1) Cable and Choker in parallel (Fig. B).—An “ironless” choker 
being used, as suggested by Professor Ayrton in The Electrician of 
January 18th. In this case a wattmeter suitable for high P.D.s must be 
used and the current coil of the instrument placed in the alternator 
circuit. 

(2) Cable and Choker in series (Fig. C), as suggested by me in the 
Electrician of January 25. Herea wattmeter suitable for low pressures 
will suffice and only a low P.D. is required. As the alternator, cable, 
and choker are in series, the circuit is perfectly simple. The current 
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coil of the wattmeter is, of course, included in the same circuit, and the 
pressure coil connected with the alternator terminals. 


NoTE.—Since the above was written Mr. Campbell has called my 
attention to the fact that these methods were used by Messrs. Rosa and 
Smith in measuring dielectric hysteresis losses in condensers. See Physical 
Review, vol. 8, рр. 1-20. 1800. Т. М. 

In either arrangement it is desirable to use electrostatic voltmeters to 
show the pressure to which the cable is subjected. Results taken by 
these two methods as well as by measurements on the cable only are 
given in Table I. These numbers have been obtained by Profesor 
Ayrton and myself, assisted by Messrs. Caine, Denton, Henry, and 
Mair, students of the Central Technical College, to whom our best 
thanks are tendered. Each value of the power-factor thus given is the 
mean of a large number of consistent observations, and obtained in 
some cases in totally different wavs. There is therefore no doubt 
whatever as to the substantial accuracy of the results. 


TABLE І. (Mather.) 


DIELECTRIC HYSTERESIS LOSSES OF LONG CABLES. 


| 


: P.D. Fre- Power 
Material. іп Volts. | quency. * Factor. 


' 
——— | ---------- STR азастан Же” талын a аа іл DELTA с. 


Oiled Paper* ...! 2,017| roo | 0`0244 | British Insulated Wire Co. 

Jute ana = 2,030| 775 оо27 *Callender & Co. 

India Rubber .. 2,000| 105 | оо28 | Silvertown Co. 

India Rubber, ) | | 
| 2,230 


County of Lon- 


100 | 0029! ; » ” 
аоп СаМе | | 


| 


Mr. MonbpEY's EXPERIMENTS. 


India Rubber, 
County of Lon- р | 2040 | тоо | 0°124 | Silvertown Co. 
don Cable 


| 


| 
ee 


It is significant to notice that, according to these results Nr. 
Mordey's tests on the County of London Cable gave d power. лам 
more than 400 рег cent. loo high. 

The figure оо20 obtained in our tests оп the same cable is the me 
of sixteen separate experiments made in the three different Ways shown 
in Figs. B, C, and D, none of which differed from the mean 0029 by 
more than 1 in the third decimal place. Hence it seems to us that 
Mr. Mordey’s results are very inaccurate, and should not be applied m 
any case. | 

Turning now to the secondary parts of the paper, I шау remark 
that there is no novelty in measuring capacities by alternating currents 


* Low pressure cables tested at over 2,000 volts. 
t Tested in three different ways with very accordant results, 
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as described оп page 366, nor in supplying the “idle” currents of cables Mr. Mather. 
by inductive coils or chokers (pages 377 and 378). Both have been 

common knowledge for the past ten years. 

. Mr. Mordey's treatment of capacity measurements is very unequal 

inthe detail given. For example on page 365 he tells “engineers who 

have not hitherto considered the subject," that the unit of capacity is 
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2/50 $ 
volts У Power factor 0-025. 
6n 3 -2-2 292 watts | 
! 6:2 ў : 
ары НИР M ne Hd Met 
Fic. B. 


57amps. Choker. 


аж, z = 4 a i 
|. hi (е) Cable _ 
| - 5 \ / ; 4 


255 watts. | 294 WALLS 
2, 1 
volts. | Power factor 0-085. 
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| 284 walls 


Power factor 0023. 


Fic. D. 


the farad, and 


Bir d that it is too large for practical purposes. He then 


the capaci the charging current for a cable is easily found if we know 
Ity of the Cable," and gives the formula, 
Charging current in amperes 
= Volts X periods per second х microfarads x 2 т 
No caut; 1,000,000. 
the ня I e in the slip proof given out at the meeting (except 
taken by а Ре Fn Page 379) to remind these engineers that the current 
апа on the fep ерепаѕ very largely on the wave form of the allernator 
hen d which the machine is working. 
21 2,000 volts 50 he statement that оле microfarad takes 0628 3 amperes 
ave ammeters and a suggestion that station engineers should 
Which Mr, Ré an duated in microfarads. From the remarks with 
“ince the readi ey Prefaced the adjourned discussion, it is evident that 
"8 Of his paper on the roth of January he has found out 
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coil of the wattmeter is, of course, included in the same circuit, and the 
pressure coil connected with the alternator terminals. 


ХотЕ.-біпсе the above was written Mr. Campbell has called my 
attention to the fact that these methods were used bv Messrs. Коха and 
Smith in measuring dielectric hysteresis losses іп condensers. Sce Physical 
Review, vol. 8, рр. 1-20. 1899. T. M. 


In either arrangement it is desirable to use electrostatic voltmeters to 
show the pressure to which the cable is subjected. Results taken by 
these two methods as well as by measurements on the cable only are 
given in Table I. These numbers have been obtained by Professor 
Avrton and myself, assisted by Messrs. Caine, Denton, Henry, and 
Mair, students of the Central Technical College, to whom our best 
thanks are tendered. Each value of the power-factor thus given isthe 
mean of a large number of consistent observations, and obtained in 
some cases in totally different ways. There is therefore no doubt 
whatever as to the substantial accuracy of the results. 


TABLE 1. (Mather.) 


DIELECTRIC HYSTERESIS LOSSES OF LONG CABLES. 


Material. in Volts. quency. Factor. 


Oiled Paper* 2,017| 100 
Jute ..| 2,030) 715 
India Rubber ... 2,000| 105 


India Rubber, ) | | 
County of Lon- | 2,230| 100 | 0'029! | " » 
don Cable | 
| pu 


Мк. MonbEY's EXPERIMENTS. 


India Rubber, 
Countv of Lon- 2040 | 100 
don Cable 


0'0241 | British Insulated Wire Ce. 
оо27 *Callender & Со. 


c2 Ue hos. ЫЕ 
Р.О. Еге- | Power 
Б Silvertown Co. 


0124 |Silvertown Co. 


| 
| RNC 


It is significant to notice that, according to these results, Mr. 
Mordey's tests on the County of London Cable gave а power, -factor 
more than 400 per cent. too high. 

The figure оо2о obtained in our tests оп the same cable is the mean 
of sixteen scparate experiments made in the three different ways shown 
in Figs. B, C, and D, none of which differed from the mean 0'029 D 
more than т in the third decimal place. Hence it seems to us that 
Mr. Mordey's results are very inaccurate, and should not be applied in 
any case. ' ' 

Turning now to the secondary parts of the paper, Г шау ren 
that there is no novelty in measuring capacities by alternating cur rents 


* Low pressure cables tested at over 2,000 volts. 
t Tested in three different ways with very accordant results. 
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as described on page 366, nor in supplying the “idle " currents of cables 
by inductive coils or chokers (pages 377 and 378). Both have been 
common knowledge for the past ten years. 

Mr. Mordey's treatment of capacity measurements is very unequal 
inthe detail given. For example on page 365 he tells “ engineers who 
have not hitherto considered the subject," that the unit of capacity is 


озатр 59атрз. 


| Choker 320 waLLS 
voles RS in Power factor 0-025. 


284 Walls 
Power factor 0023. 


Fic. D. 


the farad, an 
States that « 
© Capacity 


Ч that it is too large for practical purposes. He then 
the charging current for a cable is easily found if we know 
of the cable,” and gives the formula, 
Charging current in amperes 
= Volts x periods per second x microfarads x 2 v 
No Caution а : . 1990000; | 
the obscure 42. іп the slip proof given out at the meeting (except 
taken by a e оп page 370) to remind these engineers that the current 
and on the ү depends very largely on the wave form of the alternator 
hen follow 2. which the machine is working. 
at 2,000 volts | the statement that one microfarad lakes 06283 amperes 
ave ammeter and a suggestion that station engineers should 
Which Mr. eae ated in microfarads. From the remarks with 
SINCE the read; „УР refaced the adjourned discussion, it is evident that 
18 Of his paper on the roth of January he has found out 
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Мг. Mather. how misleading this method for measuring capacity may be, for he 
now acknowledges that errors of two or three hundred per cent. may 
arise. 

How puzzled the poor engineer, who requires to be told about the 
unit of capacity, would be, in making capacity measurements by such a 
method, to find that a particular cable had all sorts of capacities 
depending on the time of day at which his measurements were taken ! 
For (as Dr. Fleming has well shown in the case of the large alternators 
belonging to the City of London Company) the wave-form of the 
pressure supplied depends on which alternators are being used, and on 
the load under which they are working. 

The differences in capacity-current as dependent on wave-form is 
well illustrated by the results shown in Tables II. and III., which were 
taken on condensers of some 50 microfarads. 


TABLE II. (Matker.) 


CAPACITY CURRENTS AS INFLUENCED Ву WAVE-FORM. 


— 


Capacity from | 
A 


° C tat T 
Machine used. кезеп б) Volts. Е- sray capacity in 
microfarads. шады | 
Ferranti Alternator... MS 100 30 amps. 478 49:4 | 
Pyke and Harris Alternator| тоо 46 Ў 7372 » 
Wenstrom Converter zh 43 ГІ o, 437 „ | 
| » js "- 58 гбо  ,* 465 E | 
Gramme " ate 25 OF: 4 445 ” | 


NOTE.—The Ferranti alternator has ап E.M.F. wave nearly of sine 
form, whilst the Pyke and Harris machine has an E.M.F. wave very peaked. 


TABLE ПІ. (Mather.) 


EFFECT OF LOAD ON CAPACITY CURRENTS. 


Pyke and Harris 6-KW. Alternator, run at constant speed and 
constant P.D. 


———————————————————ÓAA——————————— 


Capacity calcu- | 


Capacity-current қ 
TT Load-current a lated from True capacity 
diae in amperes at ME UE A x 106 in | 
у 100 volts. А. = 2яп\ microfarads. | 
| microfarads. 
UT 6 E 
100 о 46 732 | 
» о6 4:5 716 494 
» r2 4:35 69:3 " | 
» 35 3°95 62°9 " 
» 79 36 573 т | 
» 135 33 525 " : 
» 30 372 509 » 


* Machine sparking a little at commutator. 
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These tables show capacities differing by 58 per cent. according to 
the alternator used (Table II.), and with the same alternator differently 
loaded by putting lamps in parallel with the condensers, a change of 
nearly 50 per cent (Table III). These are by по mcans extreme 
Cases. 

In connection with the effect of wave form on the supplying of 
capacity current by chokers, I may mention that with the first method 
used at Prescot, on Tuesday last (see Fig. B), when the choker and cable 
were in parallel and the pressure supplied direct from the machine, we 
could not reduce the alternator current below 3 amperes when about 
6 amperes went through the coil and about 6 amperes into the 
cable, no matter at what frequency the alternator was run, the 
machine being a Mordey's so-called “sine wave” alternator. But 
when the 2,000 volts supplied by the alternator was first transformed 
down to 100, and then up again to 2,000, and а choker also inserted, the 
current supplied to the arrangement shown in Fig. B went down to 
about o'3 amperes at 106 MJ. Hence it seemed that the Mordey 
alternator did not give a pure sine wave, and it was necessary to insert 
the transformers and choker to reduce the higher harmonics. Mr. 
Mordey's own experiments given on page 378 of his paper point to 
the same conclusion. 

On pages 379 and 381 the subject of chokers for supplying the idle 
currents to cables is dealt with, and the design of a choker given. 
In my opinion the use of iron in a choker for such a capacity is a 
mistake. The late Mr. J. E. H. Gordon in the early eighties showed, at 
Paddington, how not to make chokers; and a few years later Mr. 
Swinburne brought out a greatly improved choker in the shape of his 
Hedgehog transformer. He opened the magnetic circuit, and used 
only a small amount of iron; and yet Mr. Mordey now describes a 
choker containing a large amount of iron and a power-factor as large 
as o'o41 for one of 12,000 volt-ampere capacity at тоо periods. Surely 
this is a serious retrograde step. It is generally recognised that a 
closed magnetic circuit in a choker is very wasteful of power, for the 
power-factor is usually of the order об to 07 for transformers on по 
load. Opening the magnetic circuit, although it necessitates rather 
more copper, greatly reduces the power-factor, and the more open the 
magnetic circuit the smaller the power-factor becomes. Тһе logical 
conclusion to which these considerations lead is Remove the tron 
altogether, and the power-factor is reduced to a small value. Тһе numerica. 
magnitude of the power-factor depends on the amount of copper put 
in the coil, and may, in fairly small chokers containing about тоо Ibs. of 
copper, be reduced to about оо2 at 100 (XJ and 12 to 15 thousand volt- 
атрегез. | 

On the table before you is the choker that has been used in most of 
the tests on dielectric hysteresis recorded in Table I. Ц contains 
81 lbs. of No. 14 copper wire, has a total weight of 923 lbs., an induc- 
tance of 0'53 henry, and a power-factor of o'o21 when warm. 


Mr. Mather, 


Мг. Mather. 


416 MORDEY : CAPACITY IN ALTERNATE CURRENT (Feb. 14th, 


"TABLE IV. (Mather.) 
COMPARISON OF 12,000 Vorr- AMPERE CHOKERS. 


| 


шз “ше | жын 

| | | 
Total Weight ... 200 lbs. 925 Ibs. 28 
Weight per kilo-volt- ampere 23^ <: ЖЕСІ | 28 
Loss at 2,000 volts, roo Mx 500 watts 230 watts | 2'0 | 
Power-factor,, — ,, O'O4I O'O2I I'9 | 
Cooling surface рег watt... r2 sq. in. rP7sq.in. | о? 


А comparison of the “ironless” choker with the one described bv 
Mr. Могдеу is givea in Table 1V., from which it will be seen that in the 
ironless choker we have one of nof much more than one-third the weight 
of Mr. Mordey's, having half the loss, about half the power-factor, and а 
grealer cooling surface per watt, whilst the simplicity of construction is 
such that the cost must be considerably less. 

In predetermining the winding, calculation gave the number of 
turns as 1,367, and after winding it was found that 1,348 turns gave the 
required inductance. You will, therefore, see that calculation, taken 
only to a first degree of approximation, gave a result true to within 
14 per cent. 

Much more might be said on the subject of chokers of fixed and 
variable inductance, but these matters I hope to bring forward in a 
separate paper, on which I am now engaged. 

My sincere thanks are hereby tendcred to the following gentlemen 
for the facilities and assistance so kindly given :—Professor Ayrton ; 
Mr. Duddell ; Messrs. W. and R. K. Gray, Stuart А. Russell, and Mr. 
Grafton, of the Silvertown Company ; Messrs. T. and J. Callender, and 
Mr. Goodman, of the Callender Cables Company; Mr. С. Н. Nisbett, of 
the British Insulated Wire Company ; Messrs. C. P. Sparks, J. Smout, 
and J. H. Butler, of the County of London Brush Company ; Messrs. 
W. Cramp, C. H. Hainsworth, T. L. Janes, W. Templeton, and T. R. 
Sowerbutts, my colleagues at the Central Technical College ; and Messrs. 
Ablett, Blennerhassett, Duncalfe, Fasola, Griffin, and Harrold, students 
of that Institution. My best thanks are also due to Mr. Cramp for the 
clear and eftective way in which he communicated my remarks to the 
meeting. 

(Added February 23rd, 1901). Amongst the numerical errors occur- 
ring in Mr. Mordey’s paper the following may Бе particularly 
mentioned :—(a) At the bottom of page 372 the С?К loss in the cable 
is given as 12774 watts. Taking the data given on page 373 respecting 
the resistance of the cable, I calculate that the copper loss in the cable 
when the capacity current is 6 amperes amounts to 354 watts. (b) On 
page 383, after referring to the disproportionality between the large 
hysteresis loss and the insignificant loss due to leakage, Mr. Mordey 
goes on to say that the dielectric hysteresis loss is as much as the 
leakage loss would be if the insulation resistance between inner and 
outer conductors was 9,524 ohms, instead of 2,500 megohms. Surely 
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the disproportionality 15 not quile so great. Мг. Mordey has in this 
case neglected his power-factor 0'124, for it is evident that 10,000 volts 
on 9,524 ohms would waste 10,500 watts, whereas the power wasted is 
given as 1,296 watts. Тһе resistance corresponding with the waste 
1,296 15 77,000 ohms, and not 9,524. 

Further, insulation resistances are usually given after one minute's 
electrification; and it is well known that the insulation resistance 
decreases as time of electrification decreases. When subjected to 
alternating pressures of 50 NJ, the time of electrification to be con- 
sidered is of the order 445 of a second, and the insulation resistance of 
a 2,500 megohms cable would be considerably less at such short times 
of charging. Experiments made some years ago showed that rubber 
cables after short periods of electrification had resistances from onc- 
third to one-fifth of their value after one minute's electrification. 
The disproportionality would, therefore, be more fairly expressed by, 
зау, боо megohms to 77,000 ohms, instead of Бу 2,500 megohms to 
9.524 ohms. 

Мг. М. O'Gorman: Whether Mr. Mordey's test or Professor 
Avrton's of the energy losses on the London and County Company's 
cable was the more accurate cannot be in any way verified by tests on 
any other cable or condenser, for the following reason : The work done 
on any commercial dielectrics upon which any published tests or ехрегі- 
ments which I have been able to find have been made, varies as the 
square of the potential difference established between the two sides of 
tlie diclectric in question. 

These results have been endorsed and quoted by Steinmetz, and 
independently examined. by Arno, Threlfall, J. Sahulka (Wiener Sitz 
Ber. vol. 102), and recently quoted by Dr. De Hoor in the Electrician 
ot February 8th.! 

If this is so, the energy lost depends upon the distribution of poten- 
tial within the thickness of the insulation, and this in turn depends 
upon the grouping of the materials in the various lavers of any indivi- 
dual cable. 

Taking a 37/15, which was the size of cable Mr. Mordey tested, and 
giving it, for the sake of example, the subjoined arbitrarily chosen 
thicknesses of dielectric (rubber) we get a curve of potential which is 
approximately according to Fig. E for continuous and Fig. J for alter- 
nating pressures, whereas if the dielectric were perfectly homogeneous 
the potential would be somewhat according to Fig. F. 

The gradient or slope of potential is at every point in Fig. E 
indicated by the height of the ordinate of Fig. G, whereas in a unitorm 
dielectric the gradient at every point is approximately according to 
Fig. H for both continuous and alternating pressures. The method of 
obtaining these particulars and of verifying them experimentally I hope 
to show on a future occasion. 

' Under the entirely uncommercial conditions of à dielectric which has 
been claborately freed from air and moisture, Mr. Threlfall has succeeded in 
reducing the energy wasted in a condenser to a verv large extent, but he has 
also, by making an imitation commercial dielectric with graphite and parattin, 
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Mr. If we add together the work done on each element of thickness on 
O'Gorman. а homogeneous cable and add together the work done on each element 
on the above heterogeneous cable, it will be seen that the ratio of 

energy lost may be аз. 6 to 1 in one of the above cases. 
These considerations explain how it is that Professor Ayrton found 
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kadial depth of insulation in centimetres. 


Fic. E. 


Radial depth of insulation in centimetres. 
Ес. F. 


power-factors for different cables varying from ‘024 to 7033, and there 
seems no reason why the power-factor should not reach and exceed 
Mr. Mordey’s figure in many cables which are actually in use and 
where no idea of such losses is entertained by their users. 
These considerations also explain why the loss is greater when the 
curve of the alternating voltage is more peaky than a sine curve, for the 
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steepness of the gradient depends on the maximum pressure at ordinary 
frequencies. There is, in fact, no reason why a cable dielectric should 
not on some occasions actually be broken down in one layer while 
being perfectly sound in another. This form of breaking down would 
not lead to a disruptive spark right through the dielectric, but would 
lead to a phenomenon similar to a brush discharge from a wire in air. 

When Mr. Mordey at the end of the discussion quoted Mr. Kapp as 
saying that certain cables that he had tested had become appreciably 
hot to the touch, one could not but surmise that a partial breakdown on 
the above suggested lines was occurring in the cables in question, and 
that this partial breakdown had probably occurred in the layers which 
were close to the lead sheath, the cable as a whole not having been 
raised in temperature by two or three degrees Fahr., but only the outer 
layers. 

I would like to suggest the official abolition of the phrase “apparent 
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watts," and the worse, because longer, phrase “phantom energy," and 
to suggest instead of an apparent watt not the name a “phantom erg," 
which it is not, but a “vamp,” as an abridgment of “ voltamp," which 
it is. 

Мг. W. Е. Gray : I have not much to say, and shall occupy little of 
your time. We have heard Mr. Mordey, and I, at least, have to thank 
him for the information he gives, by which I hope to profit considerably. 
Professor Ayrton and Mr. Sparks have also given us papers which are 
very interesting, as they appear together to summarise general know- 
ledge up to date. There is one point on which I differ with Mr. 
Mordey ; that is the question of capacity on a concentric cable when 
earthed. (In such a case I do not think the capacity of the outer can 
be ignored altogether, when, according to Board of Trade rules, it 15 
earthed at one end only.) We have heard during the discussion that 
instrument makers do not know how to make instruments ; that dynamo 
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makers do not know how to make dynamos to work efficiently on a 
distribution network ; and, finally, that cable makers cannot design 
cables. Іп fact, the discussion, instead of being concentrated on the 
question of importance or non-importance of hysteresis, has resolved 
itself into a three-sided duel. I do not propose to join in this. The 
point I wish to speak оп is that, when dealing with the question of 
capacity of dielectrics, little should be taken for granted, as there are 
many things to be borne in mind. Although in this discussion rubber 
and paper have been referred to as dielectrics, and a specific capacity 
tor each has been quoted, this is not necessarily correct ; indeed, it varies 
verv considerably according to the different processes adopted in manu- 
facture. Of this there is no doubt ; consequently any statements which 
presuppose a definite specific capacity for india-rubber or paper as 
manufactured are misleading and inaccurate if too widely applied, and 
I think when making statements here our professors should differentiate, 
à» the adoption of a * rule of thumb method" when dealing with such 
matters is not worthy of professors. In this connection I think that 
without going too far I could undertake, within certain limits of course, 
to make rubber cables of any capacity. In the same way no doubt other 
makers using different dielectrics could also make any reasonable varia- 
tion of capacity that might be required ; but it is another matter to 
make a cable whose specific capacity will not vary. Even in cases where 
the insulation resistance remains quite constant, often the capacity will 
varv to a considerable amount when a cable is ageing. Thus when 
manufactured а cable may have a specified. insulation and capacity, 
and when tested some years after, although the insulation resistance 
may not have varied, the capacity in many cases will have changed 
considerably. It is also possible to make a cable which will not, at 
least for some time, vary either in insulation resistance or capacity. If 
an unvarying capacity is required, are engincers in central stations— 
those that design machinery or those that teach how to design—pre- 
pared to say what capacity is wanted to meet their requirements ? 
Apparently not yet. With regard to dielectric hysteresis, many of 
those who have spoken differ entirely ; even Mr. Mather differs from 
Professor Ayrton. Look at the results obtained when Mr. Mordey 
tested one form of cable and Professor Ayrton with Mr. Mather tested 
another form of cable. 

Professor AYRTON : It was the same cable. 

Мг. W. Е. Gray: Mr. Mordey tested one form of cable ; you tested 
another form. 

Professor AYRTON : But it was the same cable. 

Мг. W. Е. Gray: I am talking in another sense. You tested at 
Silvertown a certain form of cable entirely different in construction 
from the one tested by Mr. Mordey and got totally different results, but 
you also got another different result when you tested the same cable as 
Mr. Mordev ; and, in fact, your two tests on the rubber cables did not 
agree. How do you know that you did not make an error in your 
tests? Is the difference due to the fact that you did not take into 
consideration the fact that the forms of cable were different ? 

Professor AYRTON : The last one is the very cable Mr. Mordey tested. 
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Mr. Gray: Yes; but you got a very different result from the other, 
and your results don't agree. 

[Communicated] : I certainly understood that Professor Ayrton first 
held that the power-factor was so small as to be negligible, and Mr. 
Mordey pointed out that it was important. I cannot say whether or 
not Mr. Mordey exaggerated the importance ; but, in any case, as shown 
by the figures given by Mr. Mather, it was not negligible. Professor 
Ayrton and Mr. Mather got two very different results with the same 
dielectric ; it appeared to me, therefore, for that reason and others, that 
the difference might be accounted for by the difference in the forms 
of the cables tested by these gentlemen, the one at Streatham and the 
other at Silvertown. 

Professor R. THRELFALL : Mr. Mordey has pointed out in his paper 
that he was able to measure the loss in a certain cable, and that loss, 
he says, is a dielectric hysteresial loss, on the grounds that the conduc- 
tivity and leakage losses could be ascertained and allowed for, and that 
both these sources of loss were found to be negligible. With regard to 
the copper losses, no doubt Mr. Могасу is well qualified to speak, and 
no doubt he is also well qualified- with regard to the leakage losses ; 
but my experience of leakage losses has been that they аге exccedingly 
subtle things. For instance, you may take a film of sulphur which is 
composed partly of crystallised and partly of amorphous sulphur, and 
you may obtain any resistance within a range of то to г according to 
the length of time you apply the voltage, according to the direction іп 
which you apply the voltage, and according to the magnitude of the 
voltage. "Therefore there is no such thing in the true ohmic sense as 
the resistance of sulphur, or of similar dielectrics. Іп short, the *resis- 
tance" of a dielectric is only definite under specified conditions of 
electric intensity in the dielectric, direction of that intensity, and whole 
previous history. It seems to me, therefore, that there is, theoretically 
at all events, an absolute bar to the establishment of Mr. Mordey's 
position as to the nature of the losses observed. I believe there has 
been a great deal too much readiness to talk about dielectric hysteresis. 
In 1892 Mr. Steinmetz, by means of a wattmeter which may or may 
not have been correct, measured the loss in a condenser, and he 
referred to this loss as due to dielectric hysteresis. Mr. Arno, an 
Italian who has done work on the subject, referred to the effect of 
dielectric hysteresis as having been established by Steinmetz. І need 
hardly say from what has passed this evening that it was not estab- 
lished at all. He might as well have deduced “ original біп” as 
as have deduced dielectric hysteresis from the experiment from which 
conductance loss was not really eliminated. There is generally, and 
perhaps universally, a tendency to associate the heating losses in a 
condenser supplied with alternating currents with those phenomena 
which have long been known to electricians as phenomena of absorp- 
tion, such as are observed when a condenser is being tested for capacity 
by slow-speed methods. These two causes of loss, as I was able (о show 


-in the years 1896 and 1897 (Physical Review, 1887), are only approximately 


related, at all events if the alternating current has a frequency of 30 or 40 
a second. With regard to the absorption losses, so-called, ths of those 
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are, I am perfectly certain, due to spreading over the surface of the 
dielectric beyond the armatures and to air discharges, as suggested by 
Lord Kelvin, between the armature and the dielectric surfaces. My 
attention was first called to this by finding that the residual charge in 
sulphur, in quartz, and in mica, all of which give exceedingly low residual 
charges, can be made to give very much lower ones by drying them over 
phosphorus pentoxide ; and I also found, in making measurements by the 
rotating field method of the dielectric losses in solid dieletrics, that it was 
necessary to dry the specimens over phosphorus pentoxide for days before 
a constant result was obtained. Moreover, the method of the rotating 
field possesses the merit of avoiding the introduction of sharp variation 
in the electric force at the surface of the dielectric, such as occurs at the 
edge of a condenser plate, and consequently gives results which depend 
lesson the state of the surface of thc dielectric than do the usual methods. 
Taking all these things into account, I believe that we ought not to talk 
about dielectric hysteresis loss in such a сазе as that of the sheathing of 
a cable where there may be air or moisture, and wherc the slightest 
trace of air or moisture will, as Mr. Sparks has said, increase the loss 
to an enormous extent. If you make a condenser from which air and 
moisture are entirely excluded—and it may be done—then you can 
reduce the losses to a figure which I hardly like to mention, so small is 
it. It is something nearer o'r than r'e per cent., at least with a mixture 
of paraffin oil and vaseline. To obtain this result pure cellulose paper 
dried for some time at a temperature of 130 C., must be employed, and 
the dried paper must be further treated in the dielectric at that 
temperature and under a vacuum. It is the last thousandth or millionth 
of percentage of the air and moisture originally present that makes all 
the difference between whether the loss in a condenser used with 
alternating currents is large or small. That is a fact which I published 
in America and in this country, and apparently I have utterly failed to 
reach my audience. I do not believe there is a man in this room 
except myself who is aware of it. Mr. O'Gorman holds up his hand, 
but I cannot include even him, as he misquoted me just now. Iunder- 
stood him to say that the loss in a dielectric—according to me—is іп 
proportion to the square of the electric force. 

Mr. Обовмам: I think you stated that to be the case in the Physical 
Review in 1897. 

Prof. THRELFALL: No. The losses are proportional to the internal 
electric force raised to some power between 1:5 and rg. In ordinary 
dielectrics the index only reaches the value of 2 when you make a 
dielectric purposely heterogeneous by mixing graphite in paraffin to 
such an extent that you probably get conductivity losses. With regard 
to the table which Mr. Mordey has so valorously prepared, I am afraid 
he is foredoomed to disappointment if he expects it to apply generally. 
My reason is this. I will merely mention this fact. I have taken a 
ladle full of melted resin and from it I have cast spheres for investiga- 
tion. The spheres have been cast one after the other, the resin not even 
requiring to be re-heated between the separate castings ; and among 
the spheres so cast the dielectric losses have varied by some hundred 
per cent. Summing up the matter we may say—(1) There is such а 
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thing as “dielectric hysteresis,” i.e., when a small volume of dielectric 
is carried round a cycle of electric force, some of the energy of electrifi- 
cation is dissipated. (2) The laws connecting this dissipation with the 
electric force, rate of passing through the cycle, &c., are perfectly 
fixed and definite for each volume of dielectric. (3) It is practically 
impossible, however, to find or prepare two small pieces of any given 
dielectric which shall have even approximately the same properties in 
regard to the dissipation of energy. (4) The cause of the dissipation of 
energy is not known; but Maxwell's suggestion as to heterogeneity 
being possibly the cause, is shown by experiment to be most probably 
an insufficient explanation. 

[Communicated] : Though properly unwilling to take up the time of 
the meeting with such a matter, I feel that I must add a note in regard to 
a criticism of a statement of mine about condenser efficiencies which 
has been made by Messrs. Rosa and Smith (Phil. Mag., vol. xlvii. p. 19). 

In the Physical Review, vol. iv. p. 458, and for the sake of illustration 
merely, I compared the efficiency of one of my specially prepared con- 
densers with the efficiency found by Mr. Bedell and others for a waxed 
paper condenser. Тһе comparison I made was based on the relative 
rise in temperature in the two condensers working under different but 
specified conditions. То make this comparison I assumed that the 
condensers were roughly similar both as regards capacity for heat and 
for electricity. Messrs. Rosa and Smith point out that unless the ratio 
of the thermal to the electric capacity was the same in both cases, the 
reasoning would be fallacious ; and they then go on to show that, 
assuming this ratio to have the value nine in one case and one in the 
other, the performance of the condenser would be less satisfactory than 
I stated. 

My reason for referring to the matter at all is that I think that 
anybody reading Messrs. Rosa and Smith's paper would come to thc 
conclusion that the losses reported by те were less than they ought to 
have been ; in fact, that I underestimated these losses, and also by 
implication that it is not possible to make as good a condenser as I have 
made. This would bea misfortune, and on this account I wish to 
explain how the matter really stands. I need hardly say that of course 
I entirely agree with Messrs. Rosa and Smith's criticism, which is 
perfectly just, and the cause of the misunderstanding is entirely on my 
side. While writing the passage in question I thought it would be 
interesting to make a rough comparison with the results attained by Mr. 
Bedell, but I certainly never expected such a comparison to carry weight. 
I had measured the loss in the condenser referred to by a thermal method 
very similar to the one afterwards used by Messrs. Rosa and Smith and 
for the same reasons, but I had not considered the: matter of sufficient 
importance for publication. Indeed the loss was so small that my 
calorimetric method would have been inaccurate, and the loss was 
ascertained by comparing the temperature rise in the case in question 
with the rise under similar circumstances of a less well-made but other- 
wise similar instrument which had itself been subject to investigation 
by the calorimetrical method. The result of this comparison was to show 
that the condenser wasted less than o'1 per cent. of the energy it 
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received : how much less I don't know. Now, in writing the passage 
Which is the subject of discussion, I found that the loss roughly (and, as 
Messrs. Rosa апа Smith show, illegitimately) deduced from the comparison 
with Mr. Bedell's work came out at 005 per cent., and, this being about 
the value which I already knew to be correct, I neglected to go on to 
state, as I ought to have done, that I had made an independent measure- 
ment. I consider it well worth knowing that it is possible by following 
the instructions (given in my little book on Laboratory Arts) to prepare 
àcondenser which will not heat appreciably on alternate current circuit, 
even though the condenser, when tested by charges of long duration, 
*hows the phenomena of absorption. - 

The condensers I have made have been constructed from filter paper : 
I have not until recently had command of the special papers which are 
used in making artificial cables, and which, if they will stand the treat- 
ment, I should expect to be even better. As a dielectric I know nothing 
better than vaseline or a mixture of vaseline and paraffin. This is more 
convenient than burning-oil, because it allows one to attain a tempera- 
ture of 130 С. without volatilising much. Nodoubt, however, any good 
hydrocarbon oil satisfying this condition would do equally well. It із 
in general, better to use two thin sheets of paper than one thick one, in 
order that if there isa fault anywhere in one sheet we may have the other 
todepend upon. The purest white filter paper has been found to do 


well; but the beginning and end of the matter is getting rid of air and 
moisture, 


Mr. T. Н. MINSHALL: The figures іп the accompanying tables show М 


the results of some experiments made at Croydon since the previous 
meeting. They were devoted more particularly to ascertaining three 
points : (1) The effect of wave form on the quantity of the capacity- 
current ; (2) The power-factor of the cables with different wave forms ; 
and (3) The effect on the capacity-current of a small load at the end of 
a cable. We started with the idea of proving that Mr. Mordey’s figures 
Were wrong and ever so much too high. The first thing I did was to 
take the various wave forms of three different sizes of machines under 
Various conditions of load, and they gave the various currents shown in 
Table 1. Тһе machines were all by the same maker, and the various 
wave forms shown in Fig. К have been sketched from observations on 
the oscillograph. As regards the watts, the wattmeter readings probably 
vary slightly with different wave forms; but there can be no doubt 
Whatever with regard to the current readings, as they were taken with 
Siemens dynamometers. The impossibility of calculating capacity by the 
usual formula is shown by the fact that on machines of the same type 
We got capacity-currents varying from 2°67 amperes to 1°85, which latter 
is the capacity-current given by the 5оо-Км. machine. The differ- 
ences shown, confirm what was, of course, well known, and what 
Mr. Mordey has already mentioned—namely, that it is impossible to 
таке a commercial test of capacity unless you have some means of 
making perfectly certain that you have a sine wave. As a matter of 
fact, it is only by using a copper-cored machine, such as a Mordey 
alternator, and a good cable that yof can possibly get a good wave. 


That probably accounts for the fact of Mr. Mordey's figures agreeing 
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Experiment No. М 


500 kw. Alternator 
on Cable 


*PProximately with the calculated capacity. If you have machines 
like those at Croydon you do not get a sine wave, as you see. The 
next thing we did was to measure the power-factor of the cable. 
It has been said by Dr. Sumpner that a cable cannot be got with 
à power-factor of 1, as the author found. I do not want to say 
їп as to how that figure has been got by the author, but I 
im inclined to think that the discrepancy between the statements 
М. lessor Ayrton and Dr. Sumpner, on the one hand, and Mr. 
Чоу and my own figures on the other, is due to the fact of the 
Yanation of insulation resistance and the absorption factor of the 
dielectric mentioned by the last speaker not being taken into account. 
€ Cable to which these figures refer has a low insulation resistance. 
Mordey did not mention what his insulation resistance was ; but 
; condensers used by Dr. Sumpner probably have an insulation 
„ы Шапу hundreds of megohms. Аз the dielectric hysteresis 
€ à function of the insulation resistance, the discrepancy 
accord: ng. As a matter of fact, these watts measured differ 
cording to the Wave forms. The readings on this cable were taken 
“ two SWinburne wattmeters, and also with two Thomson's inclined 
" Instruments. АЛ the readings in the first table have been checked, 
truments agree within 3 per cent. One wattmeter has 
€ ked upon low power-factors at the Central Institution, 
t of this instrument and the other three on inductive 
* load is remarkably close. Of the four instruments, 
еге taken with a 20,000-ohm coil in the shunt and half 
amps. We got a power-factor of от, due possibly partly 
mego Ur Cable having an insulation resistance of only half E 
an insulati ІЗ 15 not зо. I have since obtained the same results me 
2,000.v ation of 50 megohms. It has been used for two years as a 
m Cable, As a matter of fact, makers аге making very muca 
are t Sulation resistances than formerly. The consulting engineers 
Е to keep them up ; but the cable-makers, of course, are trying 
troub| n down. Once you get them lower, you avoid a lot. о 
reas. ith our 5,000-volt cable, pi having much lower insulation 
Madri than before, we have avoided a lot of trouble. I See no 
Possib] P o t any of these figures ; we have checked them in ev кы 
Dudd “ Way by many methods, I have had the assistance of Mr. 
el, and we have gone most carefully into the question 1n every 
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way. As a further check I have made the test which Dr. Fleming 
suggested, viz., using a motor-generator. І took particular steps to 
avoid changing the efficiency of the machine due to the low power- 
factor of load by loading up the motor generator with a large non- 
inductive load. Then I measured thc increase in the D.C. watts taken 
when the cable was switched on. The increase was almost exactly the 
mean of the results shown in Table I. Then, with regard to the other 
question of running a machine, I entirely agree that capacity in cables 
is a very good thing indeed in power systems, and the capacity has 
helped us to improve the power-factor of arc lamps. І have taken the 
same machine running on each one of the various wave forms, and find 
that a very small load at the other end of the cable reduces the capacity- 
current taken by the cable very considerably. This is seen in the lower 
part of Table II. Another experiment was undertaken to show that 
with a certain wave form and suitable capacity and non-inductive load 
at the other end of the circuit, you may actually have fewer amperes 
entering in the cable than you get out at the other end. That is not 
a kind of perpetual motion, but merely a phase shifting—that is to 
say, under certain conditions by increasing the capacity in the cable 
reduce the current entering in. 

Table III. shows another advantage due to capacity—i.e., the marked 
decrease in exciting energy required for the machines. 
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Length of Cable, 7,460 yards. 
Section of Conductors, о10” Concentric. 


Total Insulation Resistance, о5 Megohms. 
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Input at Station end Watts wasted in ps le 
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| C. | Watts Р.Р. (approx) | (aPProx) | Losses. ' 
| A | 2744 |459 | 0992 14 425 
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E 7 267 з отоо 17 8 (526 | d 
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ч | um | r85 | 384 | отот 9 8 367 7 
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| | | | | 


NUTS Swinburne Wattmeter (a) with Potentiometer consisting of lamp 
ank. 
Swinburne Wattmeter (P) with 20,000 Resistance direct оп 
2,000 volts. 
Thomson Wattmeter, No. 9,608 with Potentiometer. 
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Highs Mor dey's paper is the best testimonial to its value. Whether 
кылу obtained Бу him as to the lossesin the dielectric of cables аге 
wall 2 wrong, he has certainly established the fact that there is а loss 

з orthy of study, and has brought home that fact in a direct and 
e ical way which practical men will appreciate. I am not in a 
Sy to contribute the results of any tests of my own on this point, 
А ана. the results obtained by the various experimenters which 
flicti - alr cady brought before the Institution are sufficiently con- 
icung to justify considerable scepticism as to the utility of the methods 
9r instruments employed. I would like, however, to suggest that useful 
information is likely to be got on the subject by making tests at various 
lrequencies and carrying these up as high as possible. 
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TABLE III. (Minshall.) 
t 
e d кысалы m дана санынан қаймана S NÉ ар ыы RM FECI DR RD 
A Exciting Current for Constant Voltage 
P Volta ON 
Lo | “Ойы 
е | from to 
е ЖТ Азда зала ЖА ысық 
| 30 kw. Alternator 10,000 58 amperes 255 amperes 
| TOM » 5,000 58 n 47 ” 
dis a 2,000 58 ” 54 ” 
E ” 10,000 175 T 132 T 
T » 5,000 175 " 160 ” 
>< " 2,000 179 " 1773 " 
T EMEN "E 
Mr. G. C. FRICKER (communicated) : The very animated discussion мү. Fricker. 
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From the known properties of dielectrics іп delaying the discharge 
of a condenser, it is obvious that the power-factor must increase, and, 
I should imagine, increase rapidly with the frequency of the alternator. 

Тһе condenser may be considered as having a periodic time of its 
own, and just as a frictionless pendulum could swing in its own periodic 
time without the expenditure of power, but would require energy at any 
accelerated rate, so must work be done on the dielectric in order forcibly 
to discharge it synchronously with the periodic time of the alternator. 
I should therefore expect to find the power-factor for high frequencies 
go up to a figure even considerably higher than that given by Mr. 
Mordey, and I think that by carrying out such experiments the exact 
characteristic curve of the discharge could be found and data deduced 
which would materially assist us in the right choice of a frequency. 

On the latter part of Mr. Mordey's paper I have only congratulation 
to offer, because I think his device, although doubtless perfectly well 
understood in principle beforehand, is worked out in quite a unique 
way, and the intentional and intelligent balancing of capacity and 
inductance as carried out here is a very different thing from the general 
sort of feeling of satisfaction a station engineer may have because he 
finds his transformers help to keep down “surging” in his mains, or 
the capacity of his mains helps to diminish his magnetising current. 

Mr. Н. M. SAYERS (communicated): Mr. Mordey merits the thanks 
of electrical engineers for bringing before the Institution. some 
important aspects of alternate current working not hitherto ade- 
quately dealt with from a practical point of view. Whether he did 
or did not measure correctly the dielectric losses in the County 
Company's cable, his statements have stirred up a useful discussion, 
and brought to our notice what are virtually to the average engineer 
“ new facts.” Тһе difficulty in accurately measuring loads of very low 
power-factor ; the influence of wave form on capacity-current (which 
I suggest should be called “displacement” current—the “ capacity” 
of a cable is so generally used as meaning current-carrying capacity, 
that a new word seems needed) are among these. He has also made 
known an engineering application on a large scale of magnetising or 
lagging current to neutralise a leading or displacement current. These 
results deserve the thanks of working engineers at least, and it is 
difficult to see in the paper any adequate excuse for the aggressive 
tone adopted towards him by some of his critics. 

Choker compensation for displacement current will find practical 
employment in cable testing, especially in testing cables at high 
pressures after laying them. In illustration, І may mention that I 
have in use for this purpose a motor-generator set, the alternator 
armature of which has to carry a current of 3 amperes, at 2,000 
volts alternating. It is thus a 6 K.W. machine working on a maximum 
load of perhaps тоо watts. This seriously impairs its portability, and 
made its cost relatively heavy. To test a few miles of concentric 
trunk main at 10,000 volts has involved the use of large alternators 
and transformers ; and resort has been necessary to such devices as 
cutting down the frequency and other makeshifts. Adjustable chokers 
should in future largely reduce these inconveniences. Though ironless 


| 
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chokers will give closest compensation, they are not readily adjustable, 
and probably iron circuits, with variable gaps, will be found most con- 
venient. I have not met with any alternating distributing system in 
which the leading current preponderates even at lightest loads. The 
improvement in transformer no-load losses (in which Mr. Mordey 
has taken a good part), and the rapid displacement of the small * house " 
transformer, have tended in this direction, but evidently Mr. Mordey 
has found one case which may be typical. I suggest, however, that 
excess in this direction should be guarded against by specifying for 
maxima displacement currents in the cables under definite conditions 
of frequency and voltage—a course I have taken in several cases. Тһе 
specitication of waveform to be used in such tests seems hardly necessarv, 
as any probable departure from a sinusoidal curve can only increase 
the displacement current. I have met with serious trouble in mains, 
apparently due to resonance. Repeated instances of extensive cable 
break-downs occurred, each case marked by many faults appearing 
simultaneously. Оп each occasion these took place during the daytime 
with light load. Ав the full load voltage was quite 1o per cent. higher 
than that during daylight, this seemed strange. But the full load 
frequency was about 9o (XJ , whilst during the daytime it was often 70, 
ог even lower. Direct measurement of the capacity of scores of miles 
of mains connected to hundreds of transformers was, of course, 
impossible ; but calculations based on probable values showed that 
resonance conditions were quite probable at the lower frequency. 
Also voltmeter records showed a distinct upward kick just before 
one of the failures. I, therefore, increased the low-load frequency, 
and no more wholesale failures occurred. Тһе cables in this case were 
mostlv single rubber, not sheathed, lying in rather large pipes, and their 
capacitv would vary materially with different conditions of wetness in 
the pipes. Hence the trouble was not constant. 

It will probably be found that resonance conditions are likely to be 
approached in practice as frequency is reduced, and the point must be 
considered in designing large distributing systems at high pressures. 

There is one source of dielectric loss in cables under alternating 
pressures which has not been mentioned clearly in the discussion, but 
should be considered. It is due to variable specific inductive capacity 
in successive layers of the dielectric. Neglecting the ohmic resistance 
—the slope of potential across each layer is inversely proportional to its 
specific Capacity. If this quantity and the dielectric strength are both 
low (as in a gas for example), sparking may occur across such a layer. 
Hence air spaces may increase the dielectric loss, and even where 
sparking does not occur some molecular disturbance of a lower order, 
a kind of electrolysis, perhaps, may take place. This may lead to slow 
deterioration of the material. The porosity of rubber, and the unfor- 
tunate experiences in some places with rubber cables, may be due to 
onc or both of the causes above suggested. Тһе heating in German 
multiphase cables, reported by Mr. Kapp, may possibly be accounted for 
Бу their construction, Thethrec-core twisted form with fibrous packing 
may well have air layers between the individual cores. 

When single rubber cables are used as 2,000 volt alternate-current 
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leads, minute sparks pass between their exteriors when brought into light 
contact. For this reason the Board of Trade has required such cables to 
belapped with metallic foil where passing through boxes and transtormer 
pits, to prevent ignition of escaped gas. With 4,000 volts the sparks 
are both visible and audible. "This air-gap sparking will cause faults in 
rubber cables in a comparatively short time, and when taking “inner” 
conductors of concentric rubber mains (the * outers" being earthed)to 
switch or transformer terminals, I have found it imperative to keep the 
rubber well away from carthed metal, or clse to wrap it closely with 
earthed foil or strip. Тһе close contact apparently affords sufficient 
paths for the current to prevent the sparking across air-gaps. 

These facts show that disruptive breakdown of insulating layers of 
low specific capacity occurs under practical conditions even with only 
2,000 volts alternating. The losses due to them are of the nature oí 
leakage, but would not be apparent under continuous pressure tests à 
usually made. Such effects may account for some of the apparently 
large variations in cable dielectric power-factors. The behaviour of 
glass, mentioned by Mr. Swinburne, may be due to electrostatic 
heterogeneity, that substance being a mixture of divers silicates. 

I would suggest that the dielectric power-factor may prove to bea 
valuable indicator of the probable durability of cable dielectrics for 
alternating pressures, and that an interesting question bearing on thi 
and well worth investigation, is whether the power-factor varies viti 
different pressures. If in any particular material it increases faster 
than the pressure, this may well be due to heterogencity and ап indi- 
cator of rapid deterioration. Our present information as to dielectne 
permanency under alternating pressures is confined to a very few 
materials suitable for cable insulation, has been purchased at a high 
price, and is only capable of extension by costly and lengthy experienc 
unless some such test as that now suggested should be found to give 
reliable guidance. | 

In respect to the measurement of these very small power-factors i 
would seem that an electrostatic wattmeter could be devised free from 
the sources of error which are inseparable from wattmeters of the 
dynamometer type—since every сштепф producing a field must have 
some lag. Such an instrument would mect a want. 

In paper cables I have found a somewhat marked discrepant 
between the capacity tested by the usual ballistic method and the 
results of displacement currents at high voltages and frequencies 
Rubber cables have shown a much closer agreement. My oppo 
tunities of comparison have, however, been few, and insufficient 0 
serve as а basis for a general statement. ‘The tests were made with 
alternators, giving nearly sine curves. The much larger displacement 
currents due to E.M.F. curves roughened by strong harmonics, © 
sharply peaked, are obviously due to the real frequency being higher 
than that of the fundamental in the one case, and to the maximum 
P.D. being higher in terms of the virtual P.D. in the other case. 

This ditference is favourable to alternators giving sine curves tbe 
virtues of which scem to be rather better appreciated now than they 
were a few years since, when it was fashionable to belaud iron armare 


1901. ] о WORKING: DISCUSSION. ; 485 


alternators, despite their irregular and steeple-like E.M.F. curves, poor Mr. Sayers. 


characteristics, and rather low efficiency. That they could be “short- 
circuited with impunity” appeared then to be the only virtue that 
counted. 

On the important question of the cost of producing the displacement 
current, my experience is that a generating sct cannot be run at full 
voltage for less than about 20 per cent. of the cost of running it fully 
loaded. It follows that “phantom” watts are relatively expensive, 
whether due to lagging or leading currents. The former arc worse 
because greater excitation is needed for a lagging than for equal leading 
current. Hence any practicable device for reducing the “idle 
current,” whether leading or lagging, may have a considerable value 
to alternating supply systems. The condenser has been long ago 
suggested to cancel the lagging current, but a commercial form does 
not seem to arrive. The choker for the leading current may have a 
better chance. It is not to.the point that one adds choker losses to 
condenser losses ; if these two can be supplied by running a small 
unit instead of a large one, the saving in cost of running will quite 
outweigh the little extra energy wasted outside the alternator, and even 
the total energy wasted will probably be much smaller. 

Even in the extreme cases cited by Mr. Mordey,the diclectric losses 
are not a large fraction of the total energy transmitted by the supposed 
cables, if their load-factor is a reasonably good one, and it is certain 
that good load-factors are indispensable to the commercial success of 
long-distance transmission undertakings under usual conditions. Where 
this is not the case (as in some of Professor Forbes’ suggested instances) 
transmission losses will be of trifling importance. 

An instrument, fit for a central station switchboard, which would 
show phase difference and its sign, at any moment, for the whole load 
of the station, any feeder or alternator would fill an empty place very 
acceptably. Professors and instrument makers have here an oppor- 
tunity of added usefulness. The oscillograph is hardly the tool for 
such work obviously, though its power to investigate some of the 
probleins of alternate-current work would seem to be great, and 
useful results should soon make themselves cvident. 

Mr. Stuart А. RussELL (communicated): Mr. Mordev's paper may Мг. 
be divided into two parts—first, that which deals with the wattless con- PORTEN 
denser current, and the means by which this current can be provided 
without calling on the generator to supply it ; and secondly, that which 
deals with the hysteresis loss in the diclectric. With regard to the 
first we have been told in the discussion that the paper contains 
nothing new or which was not known to many people ten vears ago. 
This may he so; but those who knew do not appear to have been able 
to put before the men practically engaged in the generation and distri- 

bution of alternating currents a clear statement of how to provide the 
condenser current for their cables without supplying that same current 
from the generator. АНег the last mecting I tried to get a copy of the 
Physical Society paper referred to by Professor Ayrton, but was unable 
to do so. as it does not appear to have been published in the Pro- 
ceedings ОҒ the Physical Society. I have therefore had to fall back on 
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Mr ееп, (һе abstract published in the technical journals, where I find a bald 
statement that * On joining a condenser and inductive coil in parallel, 
an ammeter in the main circuit indicated 5:5 amperes, whilst those in 
the branches showed 6'4 amperes passing through the condenser and 
ro amperes through the coil" This result compares very unfavourably 
with that which Mr. Mordey has obtained, and does not, to my mind, 
suggest that the authors of the paper had any idea of the practical 
application to which Mr. Mordey directs our attention, or they would 
have given an example showing a far greater difference between the 
condenser current and the main current. Again, in the discussion on 
Dr. Fleming's paper, read іп 1891 before this Institution, most of the 

И people spoke who might Бе expected to know about this matter; but I 

E find that not one of them, not even Professor Ayrton, drew attention to 

A the fact that there was a means of providing this condenser current, 

' amounting to about 45 amperes with 10,000 volts or 600 apparent 

P E.H.P. without calling on the alternator to produce it. It appears to 

E me, therefore, that Mr. Mordey's paper should be cordially welcomed, 

at any rate by everybody engaged practically in the distribution of high 
pressure alternating currents, as it directs attention, in what he calls 
the vulgar tongue, to the losses incurred by supplying this condenser 
current from the main generators, and further tells us how these losses 
may be reduced to a minimum. 

With regard to the hysteresis loss in the dielectric, there appears to 
be little doubt but that Mr. Mordey has exaggerated this loss; but his 
paper has stirred up interest in the question to such an extent that our 
real knowledge on the subject is likely to be much increased by the 
experimental data which are now being collected by various people. 
These experimental data are much wanted, as the power-factor has 
been too much spoken of, both in the paper and discussion, as though it 
were a constant, and there is much to be learnt concerning the effect 
of variation of stress in volts per centimetre, of the imperfect homo- 
geneity of the various dielectrics in practical use, and of the varying 
conditions of manufacture and of ageing of the dielectric, all of which 
will, I think, be found to affect the result considerably. 

Mr. Esson. Mr. W. B. EssoN (communicaled) : Y am not sure that I agree with 
| | Мг. Mordey as regards what he calls the “ Ohm's law” of the subject, 
Г i without further investigation. Certainly the readings he obtained and 
" | which he plots in Fig. г, if they can be held to prove anything at all, 
prove that the current rises in a curve and not in a straight line, and 
proportionality to the pressure is not manifested, as has been assumed 
by the drawing of the line with a ruler. There are good reasons for 
believing that the current is not proportional to the pressure, and, in 
the absence of very complete and lengthy investigation, it would be 
unwise to assume about this matter an Ohm's law or anything else. Тһе 
capacity of insulating materials under different stresses and under 
long and continuous stress is very imperfectlv understood. 

The action of a choking coil in supplying capacity-current has, of 
coursc, been long known, though I am not aware that it has ever been 
proposed before to employ it as part of an electric station equipment. 
Years ago the matter was fully understood, and its not being adopted 
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in the above sense is probably because the composition of the circuits 
in a general scheme of distribution is such as always to cause the cur- 
rents to lag, capacity consequently becoming an actual advantage. 
With the longer lines of the Power Bill schemes there will of course be 
increased capacity ; but from their nature the power circuits again are 
more likely to tend to a lag of current, and here capacity may prove, as 
before, a blessing. In power schemes with overhead lines the equi- 
valent of capacity is sometimes purposely introduced, and I have known 
one at least where the capacity of the five-mile underground line 
proved salvation, as certainly but for this it could not have worked, 1.с., 
unless some form of phase rectifier had been added. 

The thanks of the Institution are due to Mr. Mordey for having 
brought prominently to the attention of the members the hysteresis 
loss in cables, and his paper will accordingly have good results. But 
of Mr. Mordey's figures for these losses the less said the better. The 
author does not appear to be lucky as an original investigator, and it is 
pertectly clear that, whatever in his experiments on the County cables 
he was measuring, it was not power, and that the results he obtained are 
somcthing like four times larger than they should be. This is important 
because itis the power that costs the money. The wattless or capacity- 
current, contrary to Mr. Mordey's views, costs nothing unless the 
capacity is so abnormally great as to necessitate sensibly larger engines 
being coupled to the generators than would otherwise be required. 
This is an extremely unlikely case; but, if it were so, the only extra cost 
would be in the extra steam required to drive the larger engines idle. 
бау, on account of capacity, we had to put in a 1,100 k.w. set instead 
of а 1,000 k.w. set. Working condensing we should use an extra 
500 lbs. of steam per hour right through, costing perhaps 54. Such a 
set would never be run at less than half load, so it is easy to see that 
the addition to the cost of the unit is quite infinitesimal. 


Professor E. WILSON : Assuming a power-factor of "124, Mr. Mordey- 


calculates that at 6,000 volts and 5о periods per second this cable 
dissipates 1,206 watts per mile. With 47:2 amperes in each conductor 
the copper loss is also 1,206 watts per mile. The total dissipation in 
the 54 miles of this cable is therefore 13,300 watts, and this is 47 per 
cent. of the power which would be transmitted at unit power-factor, 
namely 283,000 watts, or it is 9:4 per cent. with a power-factor o's. И 
this dielectric loss is a fair representation of average practice, I think 
one might apply a differential test so as to measure it as a direct 
quantity. 

If V and A be volts and amperes at transmitting end and V — v 
А — а be volts and amperes at receiving end, then Av + Va — av is the 
loss in the cable at any moment, and can be split up into two classes of 
loss, namely, v (А -- 4) and a (У — 3l If this expression be integrated 
over a half period and divided by the time of a half period, the result is 
the average watts required to be measured as a direct quantity. Two 
wattmeters having no mutual induction, but having their moving 
systems rigidly fixed together, might be employed. Each wattmeter 
would bc working on a large power-factor, and the loss would be 
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Professor — measured when the cable is loaded, and when the full self-induction 

TEM of the cable is felt. Тһе dissipation of energy in the dielectric may be 
the same when the cable is loaded and unloaded. This is, so far as I 
know, a still unsettled point in connection with alternate current 
transformers, іп which it has been stated that the core-losses are 
smaller on load than on open circuit. 

I have looked carefully and cannot find the thickness of rubber in 
this cable, or any means for calculating the specific-inductive capacity. 
This is an important matter, as we ought to know the volts per cm. ot 
dielectric thickness. 

I think it would greatly aid in drawing further conclusions if Mr. 
Mordey would also give particulars of the wave-form and the way in 
which the instruments were tested for accuracy. 

Mr. Mr. ALEXANDER RUSSELL (communicated): I have been very inte- 

А. Russel. rested in studying Mr. Mordey's results. His paper has certainly given 
us clearer notions of the difficulties due to capacity which alternating 
current engineers have to overcome. We have not yet sufücient ехреп- 
mental evidence to justify us in adopting any simple empirical formula 
for the dielectric loss. It would be very wonderful if it were simply a 
function of the effective voltage and independent of wave shape or ara. 
Whatever is the real action that goes on in the dielectric, I think that 
we are justified in concluding with Mr. Steinmetz that it distorts the 
wave of Р.О. This distortion may be small; but even a small distortion 
considerably modifies the balancing action of condenser and choking 
coil currents. For example, a parabola is practically indistinguishable 
from a sine curve—it has the same rounded shape and is only about 
three per cent. flatter ; yet if the wave of Р.О. at the terminals of the 
cable in Mr. Mordey's experiment (Fig. 4) were parabolic, then it would 
be impossible to cut down the current in the main to less than 065 
an ampere, even if there were zero loss in both the cable and the 
choking-coil. If the wave were triangular, then the minimum current 
would be 2:45 amperes, and if the wave form were rippled or very 
peaky, the balancing action of the choking-coil would be of little use. 

It is important to realise the difference between the action of cor 
densers and choking-coils on the harmonics in the applied wave. The 
condenser current shows the harmonics magnified, but in the choking 
coil-current they are to a certain extent smoothed out. The current: 
wave іп a condenser is less like a sine curve, but in a choking coil 
it is more like a sine curve than the wave of Р.О. at the terminis. 
It is this action of condensers and choking-coils that makes the 
sine form of wave produce in them the minimum and тахти 
currents respectively. It also has a bearing оп the “resonance” method 
of testing used by Mr. Mather. Іп this method the same curre" 
flows in both the choking-coil and the condenser. Hence the wave? 
Р.О. across the choking-coil terminals is more distorted than the wi" 
across the condenser terminals. It follows also if the circuit be adjust 
for resonance of the fundamental harmonic that the Р.Р. across the 
choking-coil terminals will be greater than the Р.О. across the conden" 
terminals. "m" 

I should like to point out the limitations to the use of the ordinar} 
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formulae for condenser and choking-coil currents. The formula for the 
condenser current is 
C,—aVKf 

where а is a constant depending on the shape of the wave. Тһе 
smallest possible value that a can have is 27, and it has this value for 
the sine curve. For a parabolic wave the error in taking 2r for a is 
077 per cent., and for a triangular wave it is 10 per cent. If it is rippled 
or very peaky the error may be much greater. 

The formula for a choking-coil is 

х № 

Md 1 
where Й is a constant depending on the shape of the wave. Тһе 
minimum value of В is 2x, but the error made in taking 2т for В is 
much smaller than in taking 27 for а. Even for a triangular wave it is 
less than 1 per cent. This is due, of course, to the constraining action 
of the choking-coil forcing the current wave to assume an approximate 
sine form. The graphical phase difference ф between C, and C, is given 
by the formula 

wan LB 

Cos ф = — a 

Now, for this phase difference the minimum current in the main 
got by varying С, is C, sin ф; for very peaky waves ф is nearly до 
degrees. 

The values of C, and C, do not change much for a small distortion of 
the wave from the sine curve form, but the resultant current changes 
rapidly, hence a measurement of this current might be used to test 
how nearly the P.D. wave produced by an alternator approached the 
sine form. 

In Mr. Mordey's experiment (Fig. 4) the condenser current vector 
makes an angle of 82? 53' with the P.D. vector, and the choking-coil 
current vector makes an angle of 87? 39' with the same vector. The 
sum of these two angles is 170° 32', but the angle betwcen the current 
vectors is only 164? 26, Hence we must represent the three vectors by 
lincs drawn in space. The vector representing the current in the main 
is always in the same plane as the other two current vectors, as a lincar 
relation connects the instantaneous values of the three currents. Hence 
the mimimum phase difference between the main current and the P.D. 
vector is the minimum angle ‘between the Р.О. vector and the plane 
containing the currents. Now if a, В and у be the three angles of a 
solid angle, then the minimum angle 0 between one of the edges and 
the plane opposite it, which we suppose to contain the angle y, is 
determined by the equation 


where sin w=2 „/зїп о sin (c — а) sin (c — В) sin (e — y) and ø is half 
the sum of the angles a, В and y. Substituting Mr. Mordey's phase 
differences we find that 0 is 52° 24', and cos Ө is обі. This is the 
maximum possible power-factor with the phase differences with which 
Mr. Mordey was working, and this is the result he obtained. 

The maximum power-factor of the combined circuit being only 0.16 
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shows that the shape of the resultant current wave is very different 
from the shape of the Р.О. wave. А triangular and a sine curve have a 
maximum power-factor greater than ogg. 

I agree with Mr. Mordey's remarks about the value of condensers 
for increasing the power-factor of alternating current networks. 1 
would suggest that, instead of putting the condenser straight between 
the mains, we put it across the secondary terminals of a step-up trans- 
former, the primary terminals of which are put between the mains. For 
example, if we put a one microfarad condenser across 500-volt mains, 
the frequency being 50 we only get a current of about 0'2 of an атреге. 
If, however, we put it between the 5,000-volt terminals of a step-up 
transformer, we should get a current of 2 amperes in the secondary, and 
there would therefore be a current of 20 amperes in the primary with a 
large angle of lead. If » be the ratio of transformation the current is 
increased n? times. So that quite a small condenser can be used to get 
large balancing currents. 

In Mr. Mordey's choking-coil as the current diminishes so also does 
the angle of lag. If we wish to vary the lagging current, keeping the 
angle of lag always very large, we could easily do this by putting 
choking-coils in parallel across the secondary terminals of a transformer 
the primary of which was connected between the mains. 

Мг. С. L. ADDENBROOKE (communicated): Mr. Mordey's paper is а 
difficult one to deal with, as it raises at least four important and specitic 
points, each of which has not necessarily much connection with the 
others. As, however,-I have worked over a great deal of the same 
ground during the last few years, I venture to submit the following 
remarks on points deduced from my own experiences. 

Тһе capacity-current in systems of mains is one I have always һай 
fully in view in dealing with large power systems. Although I agree 
with the letter from Dr. Hoor in the Electrician of February 8, rgor, that 
the effect is capable of being dealt with, still Mr. Mordey has done 
good service in drawing attention to the fact that the еНесі may be 
large, and I think this is most likely to be the case in the early days of 
power distribution, when large systems of conductors have had to be 
laid down and the load is comparatively light. It appears to me that 
all Mr. Mordey says under this heading is a remarkable commentary 
on the unwisdom of the Board of Trade Regulations which practically 
prohibit overhead wires in this country. Although power distribution 
on an enormous scale has been carried out on the Continent, and in 
America, it has almost wholly been carried out by means of overhead 
wires, where the effects described by Mr. Mordey do not occur. Тһе 
Board of Trade prohibits us adopting methods by which great industries 
have been safely and advantageously built up on the Continent and in 
America, and forces us to adopt expensive and untried methods, which 
at any rate are liable to serious inconveniences even if by skill and care 
they can be got over. 

Coming now to the watt loss in the dielectric, I must say I was very 
much startled by Mr. Mordey's figures. While aware for many years 
that there was a loss of this character, I had no idea that its magnitude 
was at all comparable to the figures given for it. Since Mr. Mordey's 
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paper I have been too busy to make any direct measurements on a 
cable itself, but the following results obtained on condensers may be 
interesting. The measurements were carried out entirely with clectro- 
static instruments such as described in the paper I read before the 
International Congress of Electricians at Paris in August last. Without 
giving a description of the details—I may say that an electrostatic system 
such as described is particularly suited for this work, and I think that the 
results can be obtained with a very small percentage of error. 

Some months since Dr. А. Muirhead was good enough to place at 
my disposal a set of condensers for experimental purposes—in fact, for 
investigating amongst other points this very effect. These condensers 
were connected to an alternating current of 1,000 volts, and about 30 
periods, and careful tests which Mr. C. W.S. Crawley was good enough 
afterwards to confirm with the writer, show that under these circum- 
stances the power-factor is about ‘отт to ‘012. In fact, deducting a 
small fraction for loss in leads, about т per cent. of apparent watts is 
really true work. The experiments were made on condensers of three 
and six microfarads capacity respectively, which were probably equal 
to about seven to fourteen miles of ordinary cable. It is perfectly true 
that these condensers were made by Dr. Muirhead with great саге 
in order to have theabsorption small ; but, on the other hand, it must be 
remembered that the dielectric is very much thinner than that of 
an ordinary cable, which probably would also be made of paper, and 
therefore the potential slope is very much greater than in a cable, which, 
whether rightly or wrongly, I have always taken as a serious factor. 

Coming now to Mr. Mordey's suggestion of the use of a choking- 

coil across the circuit and the data he gives of a coil he has made. I 
may say that there has recently been completed to my specification an 
adjustable inductive resistance having a capacity of 170 k.w. on Mr. 
Mordey’s rating. This inductive resistance is intended for putting a 
lag in the circuits of alternators under test. It has been wound for 
practical purposes with a number of circuits which have permitted a 
somewhat elaborate series of tests to be made on it. It would have 
bcen interesting to have compared its performance with that of the 
resistance made by Mr. Mordey, and I should therefore have been glad 
if Mr. Mordey had given the current which his apparatus takes with 
the iron circuit closed as compared with the iron circuit fully open, with 
a given voltage between the terminals. It is not possible to'close the 
iron circuit of such an apparatus as well as in an ordinary transformer, 
and therefore it takes a larger wattless current than a transformer 
with overlapping plates, but how much it is difficult to say without 
experiment, as calculations are not of much value. In the large induc- 
tive resistance I have mentioned, the construction 15 such as to avoid as 
far as possible the effects from eddy currents Mr. Mordev speaks of, 
and though I think the tests show some extra loss from this cause 
beyond the losses which would ordinarily be allowed for in a simple 
transformer, yet I do not think it is nearly as large proportionate'y as 
the figures Mr. Mordey gives for it. At some later date I may be able 
to give further data regarding the work on this resistance. 

Lastly, | would like to say a word on Mr. Mordey's wattmeter. In 
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the work I have done during the last five or six years on alternating 
current measurement and, in fact, since І first took the subject up 
some years before that, I have on numberless occasions been tempted 
to make apparatus constructed with transformers for raising the voltage, 
but I have always been deterred by the uncertainties I expected 10 be 
involved in. I think it quite possible that such an instrument, tested 
and calibrated by instruments which can be relied on, may be useful for 
approximate measurements through a moderate range and compara- 
tively high power-factors, but I have felt that to go beyond this required 
great caution. Some experiments I made some months since, using 
electrostatic instruments, confirm the view Mr. Duddell has recently 
expressed in the technical press, that there was a certain amount of 
lag produced by magnetic leakage which at any considerable power 
factor would entirely upset readings. 

In the course of the debate on Mr. Mordey's paper, Dr. Flemme 
advocated making tests with a motor transformer and accumulators. 
As a matter of fact, my own tests were made up in this way, except thal 
instead of accumulators I used the Westminster Co.’s current, the voltage 
being kept steady by passing the current through a variable uns 
and observing a voltmeter. Owing to the leading current produced P 
the condenser, the reactions in the generator are considerably s 
when the condensers are put on, and it is necessary to observe г ` 
that the speed is similar when any comparative measurements art 
made. 

Mr. H. L. Р. Boor (communicated) : In the first pl ich 
to be congratulated on presenting to a technical body a рр d 
is a masterpiece of simplicity, and in endeavouring to e cil 
subject in (as he terms it) “the vulgar tongue" 50 satisfac : ^ 
Capacity measurements are taken by some of the station engines n 
my knowledge, and no doubt if the results obtained, were ine 
the magnitude of the loss the author has obtained they would n 
more frequently ; but experience has shown that, in par ie 
working, these losses are negligible, because on nearly all а E i 
systems, owing to the number of transformers in use, there 15 сәресін 
be a lagging current, which will more than counterbalance НЫ ашса 
current. I should very much like to see the results showing a КО 
of capacity after the life of the cable, and whether the E ae it 
or paper insulated cable decreases in capacity, as One wout = 
to, as it becomes drier. 

On page 377 I cannot help thinking that the а 

“alarmist's " view of the losses due to capacity, as 


ace, the author 15 


uthor takes adn 
І have been Ші 
n concentric ete 
> loss 
when insulated with paper, and I fancy a great deal of т cab« 
have been due to the dielectric employed on this pare he con- 
If the author would kindly inform us whether the 55-4 | 
ducted the test on has been in active use? At what а so far T 
how long, and іп what condition the cable was ae notice’ 
insulation and withstanding the pressure test? I certainly цу if it be * 
when switching long feeders on that an engine, езрес s ue 10 U^ 
small unit, has been checked, but this, I think, has pee 
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work done in charging the cable, which, of course, is more or less a 
momentary loss, unless for some reason or other the cable becomes 
discharged by leakage and a continuous charging is taking place. 
However, if time permits this summer, I intend to make a careful test 
on a feeder three miles long for at least a period of three hours, 
measuring carefully the steam consumption of the engine running light, 
without the cable being switched on, and afterwards the steam con- 
sumption of the engine with the cable switched оп; in other words, the 
engine having only to maintain the pressure. It is then clear that the 
difference in steam consumption will show the actual amount of work 
done, which I expect to be very little. 

For some time I have been endeavouring to get at the true cost of 
apparent watts, so far as the actual coal consumption is concerned, 
or the work done by the engine, and I agree with the author in thinking 
that it is not much /ess than one-fourth. In practical working one 
would not, of course, Кесер a feeder charged without being connected 
to a transformer, and doing work of some sort, and therefore the 
conditions under which the author made his test are not applicable to 
practical working, although extremely interesting and instructive. 

Some five years ago, when the Tunbridge Wells works had only been 

running a year, and the total amount of cables laid would not exceed 
ten miles, the apparent watts, /.е., amperes multiplied by the volts, 
were considerably in excess of the true watts registered by the watt- 
hour meter, whereas now we find, although using thc same instruments 
as previously, that the true watts now equal the apparent watts, i.e., the 
reading of the watt-hour meter is nearly'the same as the reading 
obtained when multiplying the amperes by the volts (multiplied by the 
time). It is possible this may be accounted for by having now some 
forty miles of concentric cables laid (both high and low pressure), 
which should have a large capacity effect and assist the lagging current, 
so as to bring the power-factor as near unity as possible. There is по 
doubt that a certain amount of work is done when keeping a cable 
charged, as one can usually tell whether a cable is alive or dead by 
grasping it tightly over the insulation, when, if alive, a distinct 
vibration will be felt. | 

Мг. С. H. NisBETT (communicated): Mr. Могаеу has rendered а 
considerable service to the Institution in bringing the subject-matter 
of his paper to the attention of the members. It covers ground that 
undoubtedly has been very neglected in the past, and, whether Mr. 
Mordey's figures are right or wrong, the paper will have done good in 
inducing other people to make experiments on the lines of his. 

The first part of Mr. Mordey's paper appears to be somewhat 
elementary, and I think he hardly gives central station engineers credit 
for the knowledge that is in them. 

The feature of the paper is the reference to the losses due to 
diclectric hysteresis, or the power-factor of the capacity-current of 
acable. The losses shown are so considerable, and so much in excess 
of those that it has hitherto been assumed are taking place, that а 
considerable flutter in the alternating dovecotes has occurred. 

To show how serious a matter it is one need only instance the case 
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of the Deptford Station, where (if Mr. Mordey's statements are correct) 
530,000 units per annum are wasted in dielectric hysteresis losses ; and 
Mr. Mordey apparently wishes us to believe that the station engineers 
have never missed this energy! Luckily for Deptford and other extra 
high tension stations, there appears to be no reasonable doubt but that 
Mr. Mordev's figures are very seriously in error. 

In the first place, I think it will be generally agreed that Мг. 
Mordey's use of a Thomson integrating wattmeter for the measure- 
ment of energy having so low a power-factor was a mistake. When 
such a meter is used to read capacity-current or nearly wattless 
voltamperes, if. there is the slightest self-induction in the shunt coil 
the whole of the readings will be completely upset. (The use of a 
transformer in the shunt would make things infinitely worse.) One 
can see this when it is considered that, assuming a 24 per cent. 
power-factor, the angle of the current we wish to measure is 884 
degrees from the volts, an absolutely wattless current being of course 
90 degrees. To show how difficult it is to measure currents of such 
low power-factors by ordinary methods, I may say that after the reading 
of Mr. Mordey's paper I made several experiments with a view to 
determining the power-factor of a cable. In the first place, by the three 
voltmeter method. This was a complete failure, probably owing to 
the fact that the errors in the voltmeters are squared, the results show- 
ing a small negative power-factor, i.e., that the cable was giving energy 
to the circuit. In the second case I took a Thomson watt-hour meter 
of the type used by Mr. Mordey, but without a transformer, and put on 
to ita non-inductive load ef about one ampere. The speed of the meter 
was then measured and then a capacity current of one ampere added 
to the circuit. There was no observable difference in the speed of the 
meter, thus showing a zero power-factor. The third method was with 
a Weston wattmeter, the shunt being connected across a known pro- 
portion of а non-inductive resistance. This method showed а power- 
factor on paper cable of “0125, or about half what I believe to be the 
true result, the error no doubt being due to the self-induction of the 
fine wire coil. 

I have had the pleasure of witnessing tests carried out at the works 
of the British Insulated Wire Company by Professor Ayrton, and 
referred to in Mr. Mather's remarks. Тһе results attained by the three 
methods used checked so exactly with each other and with others made 
by different sets of instruments, that I am convinced the power-factor 
of “о24 for paper cable given by Mr. Mather is the correct one. This 
is confirmed by figures given by Dr. Hoor in the Electrician, in which 
he gives for the Buda Pesth paper cables at 2,020 volts a power-factor 
of '025. | 

The alarming figures shown іп Мг. Mordey's tables are based not 
only on too high a power-factor but on too high a capacity, for the 
cable tested by him was a rubber insulated one, whereas this type of 
cable is comparatively seldom used for high tension work. By far the 
commoner type is paper insulated cable, and this has a capacitv of 
about o'4 that of indiarubber, and a special dry core high voltage 
cable made by the British Insulated Wire Company has a capacity of 
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only one-third of that of indiarubber. Therefore, to arrive at an 
approximation of the energy loss of cables as commonly used we must 
divide the figures given Бу Mr. Mordey by about 15. 

To show what the loss due to dielectric hysteresis will amount to in 
practice, I have worked out two concrete cases. 

In the first case, that of the Midland Power Company, who are laying 
down a system of 7,500 volt two-phase cables over a very extensive 
area, some of the feeders being eight miles in length. The total 
apparent power in the charging current of the cable will be 290 k.w., 
and the true energy loss in the cables 725 Елу. Тіс station. will 
have immediately 5,000 k.w. of plant, and assuming а 12$ per cent. 
load-factor the loss in dielectric hysteresis will be 1:2 per cent. of the 
units sold. When the mains become loaded to their full capacity the 
loss will then be only оға per cent. of the units sold. 

In the second case I have taken as an example a large town now 
working with a monophase system at 2,000 volts, and supplying over 
100,000 lamps. Тһе total capacity of the high tension network is 10 
microfarads. Тһе dielectric hysteresis loss is 520 watts, or 4,500 units 
per annum, and, the output of the station being 2,000,000 units per 
annum, the energy loss by diclectric hysteresis amounts only to some- 
thing less than one-quarter per cent. of the energy sold. I think these 
figures go to show that the losses due to this cause are really 
insignificant. 

Mr. Mordey suggests that dielectric hysteresis differs from magnetic 
hysteresis in showing no saturation effect, while Dr. Hoor holds that 
the power-factor diminishes with increased pressure. I am inclined to 
think from observed facts that the contrary is the case, and that power- 
factor increases with increased pressure. Iam led to this opinion by 
some experiments made on a short length of cable built for a working 
pressure of 10,000 volts, and tested to 90,000 volts roo frequency. 
After the application of this pressure for half an hour, although the 
cable showed no signs of breakdown, it was distinctly hot to the hand. 
This heating could nof be due to conductance of current through the 
dielectric, as of course the insulation resistance of so short a length 
would be many thousands of megohms, but could only be due to 
diclectric hysteresis of a very much higher order relative to the capacity- 
current than even Mr. Mordey's figures show. 

With regard to Mr. Mordey's suggestion of counteracting capacity 
current in cables by putting a coil with self-induction in parallel, I think 
Mr. Mordey certainly deserves the credit in this matter of having 
proposed to apply known principles to practical purposes іп a 
systematic way, although of course the principle underlying №5 
suggestion has been well known for many years. 

I remember in the very early days of the City Company that we got 
into trouble by using single cables for alternating currents, and we 
seriously discussed the feasibility of putting condensers on the mains 
to ncutralise the self-induction, but on calculating it out we found it 
cheaper to use triple concentric cables. This, of course, is exactly the 
converse Of Мг. Mordey’s suggestion. It is to be remembered that the 
capacity-currents of central station cables are more or less neutralised 
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by the transformers connected to them, and it is rare to find a station 
working at 2,000 volts in which the wattless current due to the cables 
exceeds one or two amperes. Certainly not a noticeable amount even 
at the lightest loads. 

With regard to extra high tension stations, the annulment of the 
capacity may be of use, although its application presents difficulties. 
In the first place, it must be remembered that the use of the self- 
induction coil will add to and not diminish the total energy losses of 
the station, and that it is only of use at all on very light loads, for as 
soon as the real working load comes on to the station the capacity 
current practically disappears. This, of course, is due to the condensers 
and wattful currents being in quadrature; the condenser current is 
represented by the square root of the difference of the squares of the 
current at the source and end of the cable. This means that, if the 
capacity-current in the cables at a certain station is 6 amperes, then 
with 10 ampercs of real work оп the circuit the total current is repre- 
sented by 11°7 amperes. With 50 amperes real work on the station 
the total current is 50°6 amperes, and with roo amperes of real work 
10072, so that in this last case only ‘2 amperes would remain for Mr. 
Mordey to neutralise, and the energy loss in his choker would 
probably amount to more than this. 

It is therefore evident that if the device is to be of real service at 
the station it must only be used on very light loads, and must be 
switched off as soon as the work becomes appreciable. 

Unfortunately, Mr. Mordey’s device will not prevent undue 
momentary rises of pressure in high tension cable systems having 
capacity due to any disruptive discharge that may occur, as owing to 
the enormous frequency of such discharges the coil would be practically 
infinitely resistant as a path for current. 

The device will probably prove of considerable advantage to cable 
makers in testing batches of cable with high pressure alternating 
current, as a suitable adjustable choker will enable the total current 
given by the alternator to be considerably reduced, and so allow the 
use of smaller alternators than would otherwise be possible. 

I should like to know where the demand for condensers Mr. 
Mordey speaks about is to be found, as it can readily be met. A good 
condenser in the form of a cable having small conductors of large 
surface, and with a dielectric having a high specific capacity, 
can be built for a working pressure of 2,000 volts, at about £30 per 
microfarad. 

Мг. Е. С. CRUISE (communicated): The salient points of Mr. 
Mordey’s most interesting paper were, at least as I understood them, 
that first, electrical transmission of large powers at high voltages over 
long lengths of underground insulated cables was going to be at least 
enormously handicapped if not defeated altogether, due to the capacity 
losses in these insulated cables ; and second, that it was very desirable 
for electrical engineers seriously to consider the question of how the 
problems involved are to be dealt with. All this in view of the recent 
legislation and passing of the Electric Power Bills of 19oo and our 
entry in this country on a comparatively unexplored and untried 


1901.) WORKING: DISCUSSION. 447 


electrical engineering venture. Except from Мг. Mordey himself, 
we failed to hear any definite suggestion as a remedy for the evils 
in question. 

If I presume to join in the discussion it will be to try and analyse at 
least one of the practical points raised by Mr. Mordey, i.e., the extent of 
the losses. I would first like to ask Mr. Mordey a question, and it 
seems an important опе. What was the length of cable referred to in 
Table І., and what was its ampere carrying power? Ц had a capacity 
of опе microfarad, and the watts lost due to capacity under different 
voltages arc given. 

In the Electric Power Acts now about to be carried out, the question 
of k.w. transmitted in a cable, compared with the accompanying capacity 
losses per mile, seems to be one of cardinal importance where long 
distances and large powers are to be dealt with, and I want to try and 
show from some figures that one microfarad capacity apparently goes 
a long way in a high tension power transmission cable. We may 
arrive at the end in view from perhaps the following consideration. 
First of all assume that the capacity power-factor, '124, found by Mr. 
Могаеу is neither too high nor too low, and take it as a basis. If it 
can be proved to be excessive, so much the better for the arguments. 
Judging from the discussion at the Institution, it is not likely to be proved 
insufficient. Now, Mr. Mordey calculates in his paper that, with 40 
miles of “ go and return” concentric cable of *5 M.F. capacity per mile 
running at 50 periods and 20,000 volts, the annual capacity loss would 
be about 2,700,000 Board of Trade units. 

Assume that the cable contemplated was a 37/16 and that 55 m.f. 
per mile for this size is practical. Such a cable could easily take 2,500 
k.w., ten miles at 20,000 volts. Suppose in some power scheme that 
there were four such transmissions in various directions feeding 
different centres, and thus making up the 40 miles of cable. 

If 5 per cent. is allowed for other losses in the cables, apart from 
capacity losses, it is practical to suppese that this network of cables 
would be dealing with some 10,500 k.w. at their outgoing ends. Now, 
it was satisfactorily demonstrated during the parliamentary procced- 
ings of the Power Bills, that in a comprehensive electric power supply, 
a load factor of 25 to 30 per cent. was to be reasonably expected, if it 
did not exceed these figures. Take 10,500 k.w. on, say, а 30 per cent. 
load factor and we get 


Board of Trade units per annum — 27,405,000 
Волга of Trade units lost in capacity effects ditto = 2,700,000 


Total зо, 105,000 


Thus the ratio 
Units generated per annum 3o1 — Hr | 
Units lost in capacity effects = 27 ** “I prox). 


From this results that the units lost in capacity taken over a ycar 
would bc some 9 per cent. of the total units generated for the supply. 
This figure of 9 per cent. might be further reduced by reducing the 
periodicity, say, to 40, the capacity to ‘4 M.F. per mile or less, and so on. 
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On the other hand, it would be increased by diminishing the load- 
factor. Of course it must be admitted that this 9 per cent. added to the 
other transmission losses, makes the total loss in the Н.Т. mains, even. 
with a load-factos of 30 per cent., rather formidable, though I can 
scarcely think it would necessarily quite spoil a dividend on the capital 
expenditure. That could be easily gone into, though I do not propose 
to do so here. But it must also be remembered that this 9 per cent. 
is arrived at assuming generally unfavourable conditions; for example, 
no compensation for capacity-currents through induction, the periodicity 
and voltage unnecessarily high for the conditions named, and so forth. 

Mr. Mordev shows that dielectric hysteresis is the only important 
one of the capacity losses in the mains for large cables. He also says 
this loss is not preventible and cannot be counterbalanced like the 
capacity-current itself, but that this hysteresis may be lessened. 

In this connection I would submit two points ; first, that if it is 
really of the nature of a mechanical strain in the dielectric that strain 
will be diminished when the charging currents and charges helping to 
produce it are compensated, even though the periodicity remain the 
same ; and second, that in the H.T. cables likely to be used in the power 


. Schemes the dielectric will be thick and so, as in Mr. Mordey's opinion, 


the strains will be lessened. 

I mention these two points, though one of them is but a conjecture, 
by way of emphasising the fact that when Mr. Mordey's factor 7124 is 
taken, as is done here, in any calculations, we must be well on the safe 
side. But, as already stated, 9 рег cent. annual loss in capa«ity alone, 
while not quite a desperate one, is a very undesirable one, and all 
means of diminishing it should be investigated by electrical engineers. 
That capacity, on the other hand, under certain conditions produces 
most favourable effects, where it is present as a set-off against self- 
induction, is undoubted, and for any given cases the figures can be 
calculated. | 

Mr. Mordey proposes to vary the self-induction and balance with 
chokers. Some continental engineers have contemplated varying the 
capacity, always an increase of course for a given cable, but so far this 
latter course has not had practical success. 

In Mr. Mordey's method the difficulty would seem to be to have 
practical means of controlling these chokers if they are placed along 
the cables themselves instead of at the generators. For the choker 
current at the plant full load and light load would have to bé very 
different, and, in fact, the range of “apparent watts" in the chokers, 
over comparatively small changes of plant load, would be probably 
enormous, I would like to have Mr. Mordey's opinion on this point, 
because, while it scarcely applies to Mr. Mordey's case, in deal- 
ing with this subject in Germany recently, it has been urged that 
the suitable distribution of the chokers along the transmission cables is 
the best arrangement rather than having them all at the generating 
source. For in the latter case the alternators alone may be protected 
from the economical disadvantages of large wattless currents at light 
loads, while in the former case the mains themselves may also have 
their otherwise present charging currents compensated in part or 
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entirely, and so, as I take it, the cable heating and hysteresis losses 
probably sensibly diminished. 

I wish to add a few words about capacity еНесіз in 3-phase 3-соге 
cables, as I have been going into the subject recently in connection 
with one of the Electric Power Acts. On first sight it might seem a 
complicated subject, but on investigation I think it proves not to be so. 
At least, I refer to the same nature of effects and losses dealt with in the 
Paper under discussion. Mr. Mordey says he has not in this paper 
compared the question of capacity of 3-phase cables. 

It seems to me that as these are the very form of cables likely to be 
largely used, for other economic reasons, in the power schemes, that 
the consideration of them in brief is an interesting subject, and, as I 
hope to show, has a direct and important bearing on the present paper 
and discussion. | | 

I have been able to get some figures together which may Бе of use 
to the members, and would like to have Mr. Mordev's opinion on them. 
The important point is that, if they are correct, the capacity losses 
arc going to be notably less in three-phase, three-core cables than the 
losses found. by Mr. Mordey in single-phase concentric cables. I am 
entirely indebted to Monsieur C. Н. Guye, an eminent continental 
electrical expert, for many of the statistics given in working out these 
calculations, and he has kindly given me his permission to make use of 
them here. Some of the actual measures of capacity have already 
appeared in the continental technical papers, but I have extended them 
and reduced them to British units. 

In the adjoined table there are two different examples taken, one for 
10,000 volts and one for 20,000 volts. These are shown respectively as 
Land II. The cables are lead-covered and armoured. They have 
been recently constructed by a large continental cable firm. 
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Mr. Cruise. CAPACITY EFFECTS. 
Three-phase, three-core cables. “Star -connected. Neutral points to Earth. 


Case 1. Case И. 


Insulation :— Insulation = 
| Conductor P Sheath rud to Sheath 


Between n Conductors Between ар UN. 


= 42" = 2” 

(1)| Carrving power with s to ( 2,500 K.W. $650 KW. 
7 % CR loss, "8 power- 9 miles ‘re miles 
И весна ) Б | 

(2)| Voltage between conduc- 

2.2. | 10,000 20,000 

(3) Section of each conductor... | 21 | a0 o и 076)" 


(4) Capacity in M.F. per mile, in M.F. per mile, 
one conductor to two a 


others and sheath =k’ . LESSE 


(5)! Ditto, Ditto: 4hrge ‘conduc conductors to: 
sheath = Ё”.................. 


(6)| Resultant iltant M.F. per mile for- per mile for 
each conductor = 


к —9*- pe = 314 173 
\ 
з= ee 


_——— 


(7)| Charging current рег соп- 
ductor-mile = 


L2 2тпКУ п = ЯС” À à 
“7 1,000000 № = v 5 
(8) Apparent loss per mile Apparent loss per mile for 
three conductors V' қ 
| Сху ) 8 K.W. 17 К.М. 
27 roo Уз | 2 
(9), Total apparent loss for. nee KW. 
entire cable and % to full ME po % 
БАҚ T база 26% Sed 
MK И ЕЕ 
" е 4221 ЖО ш 


The important dimensions in the cables for Cases 
I. and II. are given. The cables are of the form :— 

Taking the details given in order— 

(1) I am not sure of the exact distances over 
which the cables operate, but the carrying power 
and distances are given as understood by the size of 
conductors, voltage and power transmitted on the 
thrce-phase system, star-connected generators. These 
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sizes and distances are of special application to the Electric Power 
Acts, where no distance is likely to be greater than, or even to attain, 
fifteen miles. 

(2) 10,000 and 20,000 volts between conductors in the above system 


‚2. . 10,000 

of transmission involves each conductor in a pressure of —-- - and 
о volts respectively, above earth. ТЕ is this latter voltage that 
influences the charging currents. 

(4) One might easily expect that the practical measurement А’ was 
the capacity to be considered per conductor. On the other hand, it is 
obvious that the capacity phenomena in such a cable and system are 
complex, and here again it is that M. Guye has made such valuable 
researches, both practical and mathematical, and arrived at definite and 
simple results. 

(5) M. Guve finds that &" must be taken into account, namely, the 
capacity of the three conductors in parallel to the sheath. In the 
measurement under (4) the two conductors and the sheath were taken 
in parallel and measured to the remaining conductor. А and k” are 
measurements readily taken, and M. Guye has proved that 


М ff 


(6) The resultant capacity К = ^— 5. К, will be noticed, is less 
than А” and greater than А’; it approaches most to K. 

(7) Here I have worked out the charging current per mile of cach 
conductor. The periodicity has been taken at 4o, as the likely figure for 
power transmission in this country. 

(8) Thence is calculated the apparent k.w. loss per mile for the 
three conductors. 

(9) This gives the total apparent k.w. loss over the respective 
lengths of cable under consideration. 

It is clear that the real watts cannot be more than the apparent 
watts, but even if they were equal they would prove tolerably negligible 
in the 10,000 volt cable, which voltage, I think, is likely to be far more 
employed in this country and in the Power Acts than 20,000 volts. 

(10) But if I take Mr. Mordey's factor ‘124, although I do not know 
how far itis right to apply it to these cables, the real watts would be 
very small in both cases compared to the power transmitted. 
| Of course И must be remembered that the capacity loss is соп- 
tinuous, while the kilowatts transmitted have to be considered on a 25 
or 30 per cent. load factor for a large power schemc. 

Taking Case II. of the cables, 2.е., that for 20,000 volts, which is alto- 
gether the least favourable, there is 


17 k.w. apparent loss per mile, 
Say real loss = 17 X ‘124 = 271 k.w. 


Take forty miles of transmission divided up into different circuits, 
and used in connection with, say, 7,000 k.w. of plant, and allowing 


5 per cent. transmission losses other than capacity losses. Allow 30 per 
cent. load factor. We get 
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B.of T. units per Anti? рса ........ == 18,270,000 
В. of T. units lost in capacity per annum ......... == 730,000 
ИКО fpc 19,000,000 
Thus the ratio . 
Units generated per annum 190 
"Eu Vu quU. EU MeL TULIT mre 79 = UD. => 26 
Units lost in capacity effects 73 


From this results that the units lost in capacity taken over a ycar 
would be some 38 per cent. of the total units generated for supply. 

The worst possible conditions have been taken, and yet the loss 
comes out far less than with single-phase concentric cables, and is, 
gencrallv speaking, well within economic bounds. It is equally certain 
that it would be far better to have this loss still less. That might easily 
be attained by keeping to the figure 10,000 volts as the working pressure, 
when the capacity loss would at once cease to reach a dangerous figure, 
in fact, it would be comparatively negligible. 

I might add that the dielectric in the cables in Cases I. and II. was 
paper and fibre. But taking, as has been done, the capacity power- 
factor at Mr. Mordey's figure for rubber cables, it is all in favour of an 
excess estimate for losses in these threc-phase cables. I would like to 
have Mr. Mordey's opinion on these figures and results, as, if correct, 
I think they have an important bearing on the question under dis- 
cussion. There is, however, one important point to note. If the 
Board of Trade will only allow small loads, say 1,000 k.w. per cable, 
then the per cent. capacity losses will go up at an alarming rate, and 
they would eventually become very formidable. 

For low power cables, say 500 k.w. and under, or somewhat higher 
powers for very long distances, the losses would become disastrous. In 
one case I have, calculated, where 10,000 volts was used to take 800 k.w. 
thirty miles on the three-phase system, if this transmission had been 
effected with underground three-core cables the capacity loss (124 
power-factor) taken over a year might easily attain 20 per cent. of the 
units generated. To this would also have to be added the other trans- 
mission losses (5 to 7 per cent.), making the whole transmission loss a 
hopelessly impracticable one. 

Finally, I might remark that the continental engineers I have met 
with seem to fear resonance effects due to capacity and attendant 
insulation breakdowns, unless certain precautions are taken, far more 
than the capacity losses themselves. It is true that on the Continent 
experience has largely been with overhcad transmissions ; butitis never- 
theless a fact that the first extensive high-tension transmissions through 
cables are also being done on the Continent, and therefore their 
experience is valuable. Apparently the figures shown here would tend 
to confirm one in the belief that capacity losses in well-designed power 
schemes will not be dangerous after all. 

Мг. G. H. BAILLIE (communicated) : It is a curious fact that among 
all the power-factors given by different speakers, the professorial are 
uniformly lower than the engineering ones. It may, perhaps, help 
forward the end preached by Mr. Swinburne, when the Professor and 
the Engineer will lie down together, if.I mention some experimental 
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results obtained by a professor who in this respect is among the 
engineers. The experiments werc carried out by Professor Lombardi, 
and I myself took some part in them at their commencement; they 
ae published partly іп L Elettricista, 1896, and later in pamphlet form, 
but have not yet, as far as I know, been translated into English. The 
power-factor found for waxed paper was o'orr, confirming other results 
alrady mentioned ; for two Swinburne condensers, 06014 and 0'023 ; 
fortwo samples of small cables insulated with guttapercha, 0'037 and 
0068; for two samples of glass, О°О7О and 0'132, confirming Mr. Swin- 
burne’s previous results. Тһе power-factor of 0:068 for guttapercha 
cable is certainly high enough to justify Mr. Mordey's contention that 
the loss of energy in cable dielectrics is worthy of attention, whether 
the cause of the loss be called hysteresis, leakage, or imperfect 
polarisation. 

That some part of the energy loss is duc to hysteresis, that is, to 
atime-lag between the stress and its strain, is conclusively shown by 
Агпоѕ results ; but it is probable that some is due to C?R losses, where 
R includes, not merely the arbitrary resistance as measured by con- 
tinuous current, but also, to use Maxwell's analogy, the resistances 
between the elementary condensers of which an imperfect dielectric is 
composed. This view is strengthened by the results of Lombardi's 
experiments, which show that a large energy loss is accompanied by 
а correspondingly slow polarisation, for in the imperfect dielectric as 
imagined by Maxwell the interposed resistances would have the effect 
of making the polarisation slow. Тһе waxed paper condenser, which 
had the small power-factor of o'orr, took up 97 per cent. of its maximum 
charge in the shortest time given by a Helmholz pendulum— something 
less than o'oor sec. The guttapercha cable, with power-factor of 0'037, 
took up go per cent. of its charge in the same time ; while glass, with the 
high power-factor of 0'137, took up only 5 per cent. of its maximum 
charge. Lombardis measurements were not made with a view of 
establishing any relation between energy loss and rapidity of polari- 
sation, and are not sufficiently numerous to do so ; but if the connection 
they indicate be confirmed, I would suggest that the curves obtained in 
making the insulation test of a cable might afford a good indication, if 
not a measure, of the energy loss to be expected. The cable-makers 
have every facility for taking the curves, and these may well give a 
better idea of the energy loss than a wattmeter, which, according to the 
discussion, has an average error of 1,000 per cent. 

In Criticising Mr. Mordey's measurement of the power taken by the 
Cable, it was generally assumed that his readings were too high because 
a used a wattmeter ; as a matter of fact, the difficulty is to make a 
иал read high enough under the conditions of the test. Self- 
in ton in the pressure coil of the wattmeter would tend to make its 
E xi too low, unless, as Dr. Sumpner suggested, there was sufficient 
аты, е the wattmeter read more negative watts than there. were 
Mr. Mo Pu though theoretically possible, is out of the question in 
de i eys case ; supposing the true power-factor to Бе o'o25, in 
Е о а negative power-factor of 0'124, the wattmeter must 

€sistance in the shunt circuit only 3,500 times its self-induction 
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coefficient ; as this is of the order ооо1-оо1 henry, the resistance must 
be only 3-35 ohms, and I do not think such a wattmeter is on the 
market. As ап alternative way of measuring negative watts in mistake 
for positive, Dr. Sumpner suggests transforming down the volts. This is 
more feasible, if the secondary volts lag more than 180? behind the 
primary. Mr. Duddell, however, in the Electrician of February 8th, says 
he has measured a lag of less than 180°. It is possible that the short- 
circuited secondary coil may prove a source of error, due to the series 
coil inducing currents in it, if the two are not exactly perpendicular. 

The wattless power received but little attention in the discussion, 
probably because it is unimportant at the pressures common іп 
England ; at extra high pressures, however, it can assume startling 
proportions, even in aerial lines, where Mr. Mordey treated it as 
negligible. This may be seen in the case of the Standard Electric 
Company's 3-phase line, transmitting 150 miles to San Francisco at 
60,000 volts, where the engineers expect a charging current of 32 
amperes, representing some 3,300 wattless kilowatts. If cables were 
substituted for the overhead line, the charging carrent would be about 
20 times the full-load current. 

Mr. A. WHALLEY: Mr. Mordey’s paper has a special interest to me 
personally, as I believe his attention was first drawn to the importance 
of capacity-current in connection with a large network of 2,000 volts 
concentric rubber cables installed at St. Petersburg by the Helsby 
Company, for the design and laying of which I was responsible. There 
are now about 250 kilometres of cable laid, having a total capacity of 
about 88 M.F., the capacity current being theoretically 47 amperes. It 
has, however, been recognised since the question was raised that 
instead of this current being a disadvantage, it is of service in partly 
neutralising the wattless current of the transformers. So large is the 
latter, however, that the capacity-current would have to be five times 
larger than at present to neutralise it. I am of opinion that in another 
direction the so-called high capacity is of value, as there has been an 
entire absence of breakdown of the cables on the present network, 
while preceding cables of much lower capacity gave considerable 
trouble ; the breakdowns—as is generally the case—occurring at times 
of light load. 

From tests made on Helsby Rubber Cables—using, through the 
kindness of Professor Ayrton, the same instruments which were 
recently used elsewhere—it is found that the losses in the dielectric 
indicate a power-factor well under 3 per cent. With the same cable 
the results vary with the alternator used, and may be reduced by using 
transformers. А power-factor of "0255 was obtained off an alternator 
at 103 (NJ, with choking coil and cable in parallel; while using 
another alternator at 50(\J, without a choking coil, a power-factor of 
'0238 was obtained, and of “0228 when transformers were used between 
the alternator and cable. 

It is of interest to note that the condition for a choking coil to 
balance a given capacity is that of resonance. Fig. М (K.o32) shows 
capacity current and P.D., for a cable of :388 M.F., fed by a par- 
ticular alternator direct, when the condition of resonance is being 
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approached. The Р.О. is 2,000 R.M.S. volts, and the current o7 
R.M.S. amperes. Some caution may be needed before using a network 
in a condition of resonance until it is known if there is then any special 
risk of the breakdown of insulation, ' 

Fig. N (K.o41) shows the capacitv current and P.D., with the same 
alternator working on a cable of 4:90 M.F. at 1,980 R.M.S. volts, the 
capacity current being 6°04 R.M.S. amperes. These photographic 
records, and the power-factors quoted, show that the peculiarities of 
the alternator to be used under a capacity-load ought to be known when 
considering the adoption of choking coils or the value of the power- 
factor of a dielectric. 

The same machine under a transformer load gives the curves of 
P.D., and current shown in Fig. P (A.006), at 2,040 R.M.S. volts, and 
205 R.M.S. amperes, when the machine is connected direct to the 
transformers to avoid capacity in the primary circuit, and the secondary 
load of the transformers is practically non-inductive. 

Мг. Spark's comparison of the capacity of paper versus rubber cables 
has apparently been made on the assumption that the paper cable 
would have about twice the thickness of insulation of the rubber cable 
tested bv Mr. Mordey. For the same thickness of insulation the ratio 
of the two capacities is generally taken as being 2 to 5, but it would bc 
wrong to assume from this that every paper cable has a less capacity 
than rubber, as a very small percentage of moisture left in the oil or 
paper, or absorbed after manufacture, considerably increases the capacity. 

The heating of the German three-phase cables on light loads, men- 
tioned by Mr. Mordey on the authority of Mr. Kapp, requires further 
elucidation from a cable-maker's point of view. Such heating, when 
obtained in factory tests, is generally explained by a local fault or 
extremely low insulation throughout. 

Mr. O'Gorman raises some very interesting points, and his curves 
would be of great value if they were the result of actual tests ; in fact, 
they are described as though this were the case. I believe that they 
are simply calculations, however, and that at the present moment the 
deductions drawn from them are theoretical and have still to be proved 
in practice. 

Мг. L. ANDREWS: In spite of the evidence given by the majority of 
those who took part in the discussion upon Mr. Mordey's paper, which 
appeared to show that capacity-current losses in high tension are prac- 
tically nil, I still think that the cost of generating current for charging 
cables is a very serious item of expenditure in manv alternate current 
stations. 

At Hastings, for instance, between the hours of midnight and 4 p.m. 
during the past year we have generated 188,000 volt-ampere units, and 
for this purpose have used about 840 tons of coal. The above output 
may be analysed as follows :— 


Uscful work -— Sei Pe ... 94,600 units. 
Exciting transformers... m ... 25,000 ,, 
Capacity current ... isa iss ... 58,400 ,, 


Total T" ne ... 188,000 units. 
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Now, I am convinced that if we had no high tension cables to 
charge, but merely had to generate the 129,600 actual units per annum, 
we should not use morc than ro lbs. of coal per unit generated. On 
this basis the actual units generated would account for a coal con- 
sumption of 579 tons per annum, leaving 214 tons, costing £359, to 
be accounted for. This, we believe, represents the annual cost of 
charging the high tension cables during the hours of light load. 
Whether it is wasted in dielectric hysteresis, or whether it is entirely 
due to the fact that for several hours рег day we have had to run larger, 
and, as it so happens, less economical plant than would have been 
needed for generating the actual units, is not known. I merely wish to 
show that ours is a case in point where the generation of capacity 
currents does apparently cost between £300 and £400 per annum. 

We have for some time been taking steps to prevent the above loss 
by arranging our system of distribution in such a manner that it will be 
possible to disconnect the whole of the high tension feeders and trans- 
formers during the hours of light load, and fced the few consumers we 
have on at that period through the low tension distributing mains. 
When we have this completed, we shall be able to run for a week with 
our high tension feeders connected, and for a week without, and so be 
able to make careful comparisons which will show us the actual cost, 
under working conditions, of generating capacity currents. 

Mr. W. DUDDELL (communicated): As I am responsible for the 


statement in Mr. Minshall's remarks that the Swinburne wattmeter, . 


used in the tests marked thus +, was specially calibrated on a power- 
factor of ovr, I should like to make a correction. Тһе wattmcter itself 
was tested оп a low power-factor and found satisfactory ; but fhe watt- 
meter in conjunction with the 20,000 ohms series resistance, as used by 
me at Croydon, was not so tested. Тһе 20,000 ohms resistance consisted 
of two 10,000 ohm coils made by Mr. Swinburne and wound in the 
manner described by him at the meeting. 

In trying to find out whether the high power-factor of the Croydon 
cable was due in any way to its apparently low insulation resistance, I 
tried the effect of varying the frequency, when I noticed that at very 
low frequencies there was a distinct clicking sound in the 20,000 ohm 
resistance, which I traced to a brush discharge occurring between the 
layers of wire on the coils at each peak of the wave. 

This brushing, which I noticed at the very low frequencies, may also 
be taking place at the ordinary frequencies, and leads me to doubt the 
accuracy of the tests taken with this Swinburne wattmeter when using 
the 20,000 ohm resistance in series with the Р.О. coil. Further experi- 
ments have shown that the wattmeter always reads too high when used, 
with these particular coils, to measure the power supplied to a circuit 
in which the current leads, even when no brushing occurs, owing to 
the capacity effect between the different layers of the coils. 

Mr. Mordey and Mr. Mather have both drawn attention to the effect 
of wave form on the capacity current of the cable, and it is interesting 
in this connection to note that when using alternators having wave 
forms very different from a sine curve, such as those at Croydon, the 
frequency of the cable current is several times the frequency of the 
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approached. The Р.О. is 2,000 R.M.S. volts, and the current 07 
R.M.S. amperes. Some caution may be needed before using а network 
in a condition of resonance until it is known if there is then any special 
risk of the breakdown of insulation. ' 

Fig. М (K.o41) shows the capacity current and P.D., with the same 
alternator working on a cable of 4:90 M.F. at 1,980 R.MS. volts, the 
capacity current being 6:04 R.M.S. amperes. These photographie 
records, and the power-factors quoted, show that the peculiarities 01 
the alternator to be used under a capacity-load ought to be known when 
considering the adoption of choking coils or the value of the power 
factor of a dielectric. 

The same machine under a transformer load gives the cure 
P.D., and current shown in Fig. P (A.006), at 2,040 К.М.5. volts, and 
205 R.M.S. ampcres, when the machine is connected direct to the 
transformers to avoid capacity in the primary circuit, and Ше secondary 
load of the transformers is practically non-inductive. | 

Mr. Spark's comparison of the capacity of paper versus rubber cables 
has apparently been made on the assumption that the paper ene 
would have about twice the thickness of insulation of the rubber aid 
tested by Mr. Mordey. For the same thickness of insulation the ei 
of the two capacities is generally taken as being 2 to 3, but it would * 
wrong to assume from this that every paper cable has a les e 
than rubber, as a very small percentage of moisture left in the we 
paper, or absorbed after manufacture, considerably increases the ae? 

The heating of the German three-phase cables on light loads. pe 
tioned by Mr. Mordey on the authority of Mr. Карр, requires d 
elucidation from a cable-maker's point of view. Such heating. dia 
obtained in factory tests, is generally explained by а local tau 
extremely low insulation throughout. s qun 

Mr. O'Gorman raises some very interesting points, and - in fact. 
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Now, I am convinced that if we had no high tension cables to 
charge, but merely had to generate the 129,600 actual units per annum, 
we should not use more than то lbs. of coal per unit generated. On 
this basis the actual units generated would account for a coal con- 
sumption of 579 tons per annum, leaving 214 tons, costing £359, to 
be accounted for. This, we believe, represents the annual cost of 
charging the high tension cables during the hours of light load. 
Whether it is wasted in dielectric hysteresis, or whether it is entirely 
due to the fact that for several hours per day we have had to run larger, 
and, as it so happens, less economical plant than would have been 
needed for generating the actual units, is not known. I merely wish to 
show that ours is a case in point where the generation of capacity 
currents does apparently cost between £300 and £400 per annum. 

We have for some time been taking steps to prevent the above loss 
by arranging our system of distribution in such a manner that it will be 
Possible to disconnect the whole of the high tension feeders and trans- 
formers during the hours of light load, and fced the few consumers we 
have on at that period through the low tension distributing mains. 
When we have this completed, we shall be able to run for a week with 
our high tension feeders connected, and for a week without, and so be 
able to make careful comparisons which will show us the actual cost, 
under working conditions, of generating capacity currents. 

Мг. W. DuDDELL (communicated): As I am responsible for the 
Statement in Mr. Minshall's remarks that the Swinburne wattmeter, 
used in the tests marked thus +, was specially calibrated on а power- 
factor of o'r, I should like to make a correction. The wattmeter itself 
Was tested on a low power-factor and found satisfactory ; but the watt- 
meler in conjunction with the 20,000 ohms series resistance, as used Бу 
me at Croydon, was nol so tested. The 20,000 ohms resistance consisted 
of two 10,000 ohm coils made by Mr. Swinburne and wound in the 
manner described by him at the meeting. 

In trying to find out whether the high power-factor of the Croydon 
cable was due in any way to its apparently low insulation resistance, I 
tried the effect of varying the frequency, when I noticed that at very 
low frequencies there was a distinct clicking sound in the 20,000 ohm 
resistance, which I traced to a brush discharge occurring between the 
layers of wire on the coils at each peak of the wave. 

This brushing, which I noticed at the very low frequencies, may also 
be taking place at the ordinary frequencies, and leads me to doubt the 
accuracy of the tests taken with this Swinburne wattmeter when using 
the 20,000 ohm resistance in series with the P.D. coil. Further experi- 
ments have shown that the wattmeter always reads too high when used, 
with these particular coils, to measure the power supplied to a circuit 
in which the current leads, even when no brushing occurs, owing to 
the Capacity effect between the different layers of the coils. 

Mr. Mordey and Mr. Mather have both drawn attention to the effect 
of wave form on the capacity current of the cable, and it is interesting 
in this connection to note that when using alternators having wave 
forms very different from a sine curve, such as those at Croydon, the 
frequency of the cable current is several times the frequency of the 
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alternator, according as one or the other of the higher harmonics of 
the wave form supplies the larger part of the cable current ; so that it 
is impossible completely to compensate the capacity current by means 
of а choker. This is probably the reason why the observed alternator 
current, when supplying cable and choker in parallel, even when 
adjusted to the best conditions, is generally much larger than the 
calculated value. 

Professor W. Е. AYRTON (communicated): Reference has been made 
in the discussion to employing, as a check on the measurement of the 
power wasted by a cable in dielectric hysteresis, the measurement of 
the power required to drive a direct-current motor which was itself 
geared to the alternator that was charging the cable. Such а relatively 
cumbersome method, however, is wholly unnecessary in the case of the 
tests carried out Бу Mr. Mather, since, in consequence of the methods 
which he adopted being such as to bring the current which he supplied 
to the whole arrangement nearly into phase with the P.D., a fairlv 
exact value of the total power can be obtained from the readings of the 
ammeter and voltmeter alone. 

The following figure represents one of the many tests carried out 
on February r2th at the works of the British Insulated Wire Company, 


Prescot :—- 
€ J ма” 5-3 AMPERES 


с=з 


Fic. Q.--Current Supplied less than One-Fortieth of the 
Sum of Currents in Branches. 


Now the total power given to the cable and to Mr. Mather’s choking- 
coil could nol have exceeded о3 х 2,150 ог 645 watts. The power given to 
the coil alone could not have been less than 6:2 X 7°7," or 296 watts. 
Hence the power given to the cable could not possibly have exceeded 
645 — 296, or 349 watts. 

The volt-amperes for the cable were obviously 2,150 X 5*9, or 
12,685 ; hence the power-factor of the cable could not possibly have been 


_349 | 
larger inam 68’ or 0'028. 


This value, 0'028, is, of course, ап outside limit, and therefore is 
higher than the actual power-factor оо24 published by Mr. Mather for 


* This resistance was measured, with a Wheatstone bridge, just before 
and just after the exceriment in the figure was made. 


- 
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this paper cable, but that the two values differ so little is a striking ое 
proof of the accuracy of Мг. Mather's figures. ) 

Іп my remarks made on (һе roth of January I promised that I would 
construct a coil without iron which, under Mr. Mordey's conditions as 
regards capacity, frequency, and P.D. should waste far less energy than 
did his choker, and should be able to reduce the current in the supply 
lads to a fraction of the least value which he was able to arrive 
aL Comparing the readings of the instruments in the preceding 
hgure with those in Fig. 4, page 378, of his paper, and referring to the 
particulars of the weights of their coils given respectively by Mr. 


Mordey and Mr. Mather, we sec that the comparison is asfollows:— . 
^ Мотасу. Mather. | 
Least current in supply leads, amperes... I'6 03 


| 
| Power in watts wasted іп choking-coil 500 ^ 296 | 


| Weight in pounds of complete choking- | 
coil .. - КР sus M 20. 925 
| 


Mr. Sparks has told us that in carrying out the test described іп Мг. 
_ Mordey's paper, the energy-meter rotated backwards when applied to 
the cable, То be logical, therefore, Mr. Mordcy ought to have con- 
cluded that a cable was a source of energy. But I presume that whether 
the meter ran forwards when applied to the choking-coil alone, or ` 
backwards when joined with the cable alone, the reading was in each 
Case assumed to measure energy given fo the coil or cable respectively. 

Directly, however, that the proof of Mr. Mordey's paper was sent 
out, and before the paper was read, some of us suspected that the 
спегру-теќег in his experiments did run backwards. Апа so Mr. 
Evershed, Mr. Mather, Mr. Duddell, and myself considered indepen- 
dently what an energy-meter attached to a cable really indicated when 
it ran backwards ; and the result, which has been tested experimentally 
in my laboratory, is as follows :— 

Let В and o be the self-induction, in henries, and the resistance, in 
ohms, of the pressure coil of an Elihu Thomson energy-meter, that is 
of the armature, starting coil, and so-called non-inductive resistance ; 
then such a meter attached to a cable, as in the accompanying figure 


Ж 4) — санк | 
E ОЕ 


RESISTANCE 


— 


ІШІ 


Fic. R. -Thomson Energy-Meter. 


Е, ogle 


Professor 
Ayrton. 


| | ! 
factor of the cable exceeds, or 18 equal to, or is less than, P3 


402 MORDEY: CAPACITY IN ALTERNATE CURRENT [Feb. 14th, 


and supplied with current following the sine law, will rolate forwards, 
or will not budge, or will rotate backwards, according as the true power- 


hf 


Hence, apart from the rate at which the energy-meter runs back- 
wards, or the voltage applied to the cable, or what current may flow 
into it, the mere fact that the meter does гип backwards proves, with 
sine waves, that the ratio of the true power to the volt-amperes, that is 


the fruc hp 
роугег-Ғасіог of the cable, is Jess than а 


Next, measurements were made on four modern specimens of 
Thomson energy-meters, for the loan of three of which I am indebted 
to the British Thomson-Houston Company. Апа the following wert 
the results obtained :— 


No. 62,695 Й == 0:25 henry о = 3,785 ohms. 
» 230,355 h = 0240, 0 = 2,100 , 
» 230,375 й = 0'26 ,, о = 3,060 , 
» 230,390 h-o22 ,, 0 = 3,095 ^» 


Hence, if the meter illustrated in Fig. R be the first one in this М 
for example, and if, when a sine wave current of тоо (^J be applied, 
the meter be found to run backwards, then, no matter at what speed i 
may run backwards, or what may be the value of the voltage applied to 
the cable, or the current flowing into it, the /rue 

0:25 x 628 


power-factor of the cable is Jess than 378 5 


, 

i.e., 15 less than 07042. 
And this limiting maximum value, curiously enough, is not so very much 
greater than the actual value found by Mr. Mather for this County ¢ 
London cable, viz., 0'020. 

Further, it can be proved that the faster the energy-meter is found 
to run backwards the smaller is the true power-factor of the cable, that 
is, the less is it compared with this limiting value 0:042. 

lf instead of an encrgy-meter, a simple wattmeter be employed, e 
for running forwards, staying at rest and running backwards, we hn 
merely to substitute a positive deflection, deflection nought, and 3 
negative deflection. So that with а simple wattmeter applied toa cable 
which is supplied with a sine wave current, the wattmeter will give 4 
negative deflection (as obtained, for example, by Dr. Sumpner), whe? 
the true hp 
power-factor of the cable is Jess than 7% 
h and о now referring to the fine wire circuit of the wattmeter. 

As the preceding energy meters can only be employed directly 02 
circuits with a pressure of 200 volts or less, it is most probable that М. 
Mordey, in his tests, used some form of step-down transformer. i 
effective inductance and resistance of which would have to be include 
in the preceding formule, But no information has been given cithe 
in the paper or in the discussion, regarding the size, shape, resistant 


1901.] WORKING : DISCUSSION. 463 


or inductance of the transformer, nor are we even told whether such 
a step-down transformer was actually employed. 

Mr. Sparks was not present at the meeting on the то of January, 
and so has been misled into thinking that on that occasion I said that if 
measurements were accurately made with the County of London Cable, 
the value found for the “loss of energy would be one-tenth of the 
figure given.” No-such statement is contained in the shorthand writer's 
ойсіа! transcript of the verbatim report of my remarks, nor is there any 
such statement in the account of the discussion as given in the technical 
press at the time. 

Perhaps Mr. Sparks had іп his mind what I said about the уаше of 
the power-factor, о’от, found some years ago іп my laboratory for the 
Swinburne butter-skin condensers. If so, it 1s interesting to note 
that Mr. Swinburne now remarks that this value, о’от, is not lower, but 
considerably higher than he himself found for the same type of con- 
denser. | 

Мг. W. М. MonbEYv, in reply : I will not detain you whilst I attempt 
to reply to all the speakers: I will make one or two observations only 
I am very glad the last speaker, Mr. Minshall, has given his experience, 
especially as in his tests of the 5,000-volt Croydon cable he has been 
assisted by Mr. Duddell. His power-factor of о’т is very near ту 
own, and supports the belief that there are appreciable losses in cable 
dielectrics. A further practical confirmation has reached me from Mr. 
Kapp, our old member, who has written me from Germany, giving a 
singular confirmation. They find high-tension three-phase cables in 
Germany get appreciably warm on lightload. Anappreciable warmth, 
of course, mcans а good deal of power. Such an observation is very 
important. Ме have been told by Professor Fleming that we must 
usc a motor generator test. We have done so. Mr. Sparks has used a 
motor generator test, and Mr. Minshall has, and they have found a 
large addition of power required to drive the motor when the cable 
was switched on. This method Mr. Sparks shows, also gives a 
power-factor of more.than o'r. 

I should like to recall a statement made by Mr. Swinburne about 
ten or eleven years ago at the Physical Society (see Electrician, 
Dcc. 19, 1900), when he said that from his calculation of the losses in 
Paper condensers, the loss іп Deptford paper mains from dielectric 
hysteresis would be about 7,000 watts. Curiously enough, Mr. Раг- 

tridge, who did not know of this, and who is the enginecr of the 
Company, assures me that the loss in these cables is quite 1,000 
watts per mile, or exactly the figure that Mr. Swinburne gave ten years 
ago. Some of the figures given, even the figures that have been quoted 
by P rofessor Ayrton from Lombardi and Cardew, confirm me to a 
certain extent; they are in the same order. Lombardi’s results come 
out at о"068. That is in the same order as the losses that I am consider- 
ing. It 15 not, as Professor Ayrton and others have tried to show, а 
теге fraction of that amount—a mere negligible amount undeserving 
of serious Consideration. With some kinds of cable the power-factor 
may be lower, and with other kinds of cable it may be much more. 
Another point: cable makers have told me that they have often had 
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cables which on light load got quite warm to the touch, simply from 
dielectric hysteresis—cables that have a good insulation resistance. 

We have had an exceedingly useful discussion, I consider, to-night. 
Quite possibly I may turn out to be wrong to some extent. For the 
sake of the industry I shall rejoice to find that I am very much wrong. 
Of course I nced not say that I shall be very sorry for personal reasons 
if I have made a big mistake. I do not think I have. There are many 
practical indications that I have not—such, for example, as the known 
and considerable vibration of alternate-current cables. Such a vibration 
can hardly occur in a heavy cable without considerable loss of power. 

May I say that I never claimed for one moment that the power- 
factor found in that cable, and now apparently confirmed by the motor 
generator method, was of a universal application. І repeatedly took 
pains to guard against such an impression. I knew, of course, that I 
was building general conclusions on the results of one test, and I 
repeatedly stated in my paper that if the results I got were correct, 
and if they applied to other materials and other kinds of cables, the 
loss of energy would be as I made it out to be. 

I want to repeat my thanks to many speakers, especially to Mr. 
Sparks, who took up the subject as a serious engineering matter, and in 
his Company's interest made as full an examination as he could with the 
unusually complete means at his disposal. Personally I am very much 
obliged to him, and I think the Institution ought to be very much 
obliged to him for the trouble he has taken in this matter. I beg to 
thank the gentlemen who have done me the honour to speak on the 
paper, and I hope to deal with their remarks later on. 

[Added by Author.]—I am very much gratified to find that my paper 
has brought out such a mass of useful information. Тһе contributions 
to the discussion seem to me to be very valuable. It would not be 
possible for me to deal with them in any detail, even if I were able to 
do so. Fortunately most of them can stand by themselves as useful 
additions to the knowledge of the subject apart from their relation to 
my paper. I have already alluded briefly to Professor Ayrton’s con- 
tribution. He misquoted Cardew and Lombardi in his effort to prove 
that I did not agree with him. Ihave pointed out that his claims to early 
knowledge must not be taken very seriously, seeing that up to the 
reading of my paper he never realised the very great importance of 
wave form in questions of capacity current, but boasted of having for 
ten years used (presumably for teaching purposes) methods which are 
now known to be quite unreliable in practice. Although right enough 
on the blackboard, they were wrong by two or three times (ог by- 
two hundred or three hundred per cent. as he would picturesquely 
describe it) in practical applications. From Mr. Sparks remarks I 
learn that in another test case Professor Ayrton was hopelessly 
wrong. Не pointed out with great emphasis that my choking-coil 
arrangement for reducing capacity current generated by the alter- 
nator was very imperfect inasmuch as it only reduced the current 
from 6 amperes to r'ó amperes, and he offered to supply a choking 
coil which would reduce it to ооу amperes. Professor Ayrton points 
out that the proper method was all clearly given in a paper by him 
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before the Physical Society іп 1891, and he proceeds to criticise ту Mr. Могасу. 
result thus (quoting from the shorthand report): “ But now if we take 

Mr. Mordey’s own experiment, I say that by dealing with the actual 

values given in that paper without going a step further—and that is 

the best proof of what was in that paper—I can enormously improve 

his result.” He then shows that the current will be reduced to оо? by 

his coil instead of r6 bv mine. Well, Mr. Sparks has told us that 

Professor Ayrton made this test with his own coil and brought the 

current down not to ооу, but to 27 amperes. 

Thus, instead of reducing the current to about 4 per cent. of mine, 
by his coil he made it about 70 per cent. greater than minc—a forty- 
fold error—or as Professor Ayrton would express it, an error of four 
thousand per cent. Truly as he says, “Without going a step further, 
that is the best proof of what was in that paper.” 

It is, perhaps, unfortunate that on these two simple matters the 
tests which have been made have been so entirdy against Professor 
Avrton's conclusions. It has rather discouraged me from considering 
the rest of his communication as carefully as it no doubt deserves ; 
but at least it stands in the Journal for reference. 

Professor Ayrton’s further communication (p. 460) is а filling out in 
great detail of what I pointed out briefly at p. 378 —viz., that if a 
choking-coil be used to balance the capacity, and if the balance is 
perfect, then the alternator will be working with a power-factor of 
unity, Professor Ayrton shows that the watts cannot be greater than 
the volt-amperes. 

Mr. Sparks’ account of the tests that have been made on his 
cable will be read with interest by all who may wish to study this 
matter seriously. Тһе discrepancies obtained in the dielectric losses 
show the difficulty of the subject. The motor-generator tests seem to 

fully confirm the original wattmeter tests. И they are too high, it 
can only be because of eddy current losses in the gencrator due 
to the charging current. This source of error would be climinated or 
reduced by using a choking coil to balance the capacity so as to reduce 
the charging current required to be produced by the generator. 

Mr. Sparks' observations on the diserepancy between the calculated 
and the observed capacity current confirms what I have already said, 
and further emphasises the need for stating definitely what is meant by 
the term “ power-factor.” Аз the “apparent watts” may vary enor- 
mously while thetrue watts remain fairly constant, it is evident that the 
term power-factor must be used with caution, otherwise misleading 
comparisons may be made. 

_ Таш glad Mr. Sparks has brought out so clearly the practical 
importance of dielectric hysteresis. He shows that even if the lowest 


4. found in the tests—the lowest of Professor Ayrton's or 
Мг. № 


г. Мафегу results—is the correct one, the annual loss on his cable 
will be 155,000 units, or 8:3 per cent. of the total units delivered. At 
а penny a unit this amounts to £045 a year, or a capitalised value, at 
‚900. Мг. Sparks very properly points out that 
of dielectric the loss might be only one-third of 
ot let us forget that with a two-phase cable the loss 


5 Per cent, of £12 
with another kind 
this. True, but do n 
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would be doubled, and with a three-phase cable it would be increased 
to three times that of a single-phase. This difference between single 
and multiphase working seems to merit some attention. 

It is to be feared that Mr. Sparks’ remarks support the view that 
diclectric hysteresis, considered practically, is a cause of serious loss 
and is deserving of careful attention. 

Dr. Fleming's former connection with the Deptford system makes 
his remarks especially interesting to me. Knowing the great difficulties 
of wattmeter measurements under the conditions dealt with in my 
paper, he prefers a simple motor-generator test to any purely instru- 
mental methods. He thinks such a test must give accurate results. 
It will interest Dr. Fleming to sce that Mr. Sparks’ motor-generator 
test, as well as that of Mr. Minshall, fully confirms the large power- 
factor. И the motor-generator result is not entirely accurate, it must 
be, as I have pointed out above, that the capacity current causes 
reactions in the generator which lead to losses in eddies and magnetic 
hysteresis. 

I am interested in Dr. Fleming's account of his own efforts to 
measure the losses in the Deptford cables by taking indicator diagrams 
of the engine with various lengths of cable in circuit, but I am afraid 
I cannot agree that the method is likely to give accurate results. The 
engines available were of large size, and their indicator cards under 
very light-load conditions would be of such a character that it would 
be practically impossible to detect the small power mentioned by 
Dr. Fleming. 

In connection with the Deptford mains, I have the permission of 
Mr. G. W. Partridge, the Company's engineer, to state that the actual 
loss of power in their mains is about т kilowatt per mile. As there 
аге 28 miles of mains, having a capacity of about 1 mfd. per mile, this 
works out for the 28 miles at 10,000 volts 87 (NJ to 18,215 apparent watts 
per mile (assuming sine-curve E.M.F.), and on Mr. Partridge's figure 
of the true loss to a power-factor of 0'055. If the whole 28 miles were 
always in use the annual loss would be 245,280 units. Мг. Partridge, 
however, reduces the loss to much less than this by reducing the 
number of mains in use during hours of light-load, thus saving both 
the true loss and the indirect losses due to the production of “ wattless " 
current. This, it will be seen, would require fully 500 k.w. of plant 
unless compensated in some way. 

Dr. Sumpner says I should state the dielectric loss as a percentage 
of the load the cable is to transmit. То do that one must know the 
load. Dr. Sumpner works out the County Company case and makes the 
loss something between 4 per cent. and 14 per cent. Mr. Sparks, the 
engineer to the Company, works it out from a practical knowledge of 
the load and assuming the lowest power-factor obtained in any test 
referred to in this discussion, and finds the loss will be 83 рег 
cent. 

Let me give a practical case that has just come under my notice. 
А 50/7.) 10,000-volt three-phase cable, то miles long, is proposed as a 
means for supplying a lighting load having a maximum of 200 k.w. апа 
а load-factor of 12 per cent. The cable is expected to have a capacity 
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ооз mfd. per mile. Assuming а power-factor of only о025 (or lower Мг. Mordey. 
than any onc has yet found in a cable), the dielectric loss will be 24 per 

cent. of the units transmitted. This, of course, shows how unwise it 

would be to use such a cable for such a load. 

Iam much interested in Dr. Sumpner's remarks on transformers in 
connection with wattmeters, although I am afraid I do not altogether 
follow his argument. He refers to his use of a large transformer 

"very under-loaded," but surely he knows—what Dr. Fleming taught 
ten years ago in his well-known paper on transformers—that a trans- 
former fairly well loaded had a power-factor of 1, and kept it up to full 
load. It was for that reason that in arranging my wattmeter I purposely 


(AO i or 
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made the short-circuited suspended secondary of such a character that 
the transformer was fully loaded. 

Mr. Swinburne, in his remarks, is interesting and suggestive as usual, 
but I do not think there are any points that call for a reply from me. 
Mr. Swinburne made gallant efforts to introduce condensers into 
practical use a good many years ago; it will interest him and others 
to know that Mr. Wm. Stanley, the well-known American electrical 
enginecr, 15 supplying condensers in considerable quantities for 
improving the power-factor of alternate-current motors. Mr. Stanley 
informs me that there must be over 100,000 Н.Р. of motors working 
in that way in the United States, and he sends me some interesting 
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curves showing results, one of which I give here (Fig. 5). The import- 
ance of this result will be at once recognised. 

I have discussed with Mr. Stanley the questions raised in my paper, 
and learn from him that there are very considerable dielectric losses in 
many cables, and that the reduction of those losses in the dielectric of 
his condensers occupied him for a very long time. He eventually 
succeeded in his efforts to make condensers on a commercial scale, 
in which the losses are very small. The very slight heating of the 
condensers is a proof of this. 

l'rom another eminent American electrician, Mr. Steinmetz, I hear 
indirectly that in at least one “ extra high tension” transmission line in 
the United States where there is some underground cable it has been 
found that there is a scrious dielectric loss. . 

Mr. Mather seems to have gone very fully into several of the points 
raised in my paper, and is apparently of Professor Ayrton's opinion 
that my paper is only useful as a text for a paper of his own. For my 
part I am satisfied even to be a humble text, if by that means I can 
bring out such useful sermons. But the tone of the sermon is not 
conducive to discussion, so I gladly let it stand on its merits, which are 
considerable. 

Mr. O'Gorman suggests that the heating of the cable mentioned by 
Mr. Kapp may be duc to local failure of insulation on the outer layers 
of the cable, and that the heat may only be on the outside, the cable 
not being heated throughout. ‘This would not affect the result. All 
the heat, however generated, must get out by the surface, and under 
long continued working the surface temperature would be the same for 
the same loss of energy, whether the heat came from the centre or the 
outside of the cable. 

Mr. W. E. Gray refers to several points of great interest on which 
at present there is very little available information, such as the variation 
of capacity, and the effect on capacity of trcatment of the dielectric 
during manufacture, and the possibility of getting low capacity with 
rubber or high capacity with materials that are supposed to have a low 
specific capacity. I can confirm a part of this even from my own 
small experience, as I came across a large paper-insulated cable, quite 
recently supplied, which had quite as high a capacity as the rubber 
cable on which my tests were made. Apparently the kind of paper 
and the material used to permeate the paper affect the result very 
considerably. Now that this subject has come up in a practical way 
it is to be hoped that we shall gradually get more knowledge on thc 
essential points, and gradually reduce any causes of loss that mav be 
under control. Cable makers will gladly co-operate with engineers to 
this end. I can say this with confidence from the way Mr. Gray and 
other cable makers—Messrs. Glovers, Messrs. Siemens, and the British 
Insulated Wire Co.—endeavoured to help me in my efforts to collect 
information on the points I have been trying to elucidate. 

Mr. Threlfall seems to be one of the very few men who have worked 
successfully at the construction of condensers capable of standing high 
pressures. His remarks will be read with interest. Не objects to mv 
ascribing the energy losses to dielectric hysteresis, but he does not 
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help me much, as one of his conclusions is that “the cause of the 
dissipation of епегру is not known." I gather that, like Mr. Swinburne, 
Mr. Threlfall thinks part of the loss may be due toa kind of conduction. 
This is a question of pure physics, on which I fear I am not.very 
competent to speak, but I would refer Mr. Threlfall to the passages 
near the end of my paper where I tried to express а similar view. 
Г point out that the energy component of the capacity current “in all 
practical essentials is a leakage current: it goes right through the 
dielectric, and heats it in its passage exactly like a leakage current.” 
(See p. 385.) 

I used the term “dielectric hvsteresis" under compulsion, as the 
only current electrical term to cover broadly the dissipation of energy 
in insulating materials, but I do not like it, and much prefer to usc a 
non-committal term, such as “loss in the insulation.” 

Mr. Minshall's tests at Croydon tend to confirm the serious character 
of the dielectric loss. I almost wish they did not, as it would then 


be easier for me to say that I think we have in Mr. Minshall a man | 


of exceptional ability and knowledge. His experiments are very in- 
teresting and very important. The effect of capacity in increasing the 
current is new to те. On that and other points many of us would be 
glad to hear more. I hope this Institution will obtain from him a full 
account of the work of which in this discussion he has given onlv 
enough to excite our curiosity. 

Mr. Frickers suggestion that dielectric losses should be taken at 
different periodicities will, I hope, be acted on. Тһе pendulum 
illustration seems ап apt one. 

Mr. Н. M. Sayers’ experience of breakdowns and their reduction by 
change of frequency is very interesting and important. As very few 
People have had a wider practical experience than Mr. Sayers, his 
remarks on possible causes of cable breakdowns and on other matters 
will be found useful and suggestive. 

Mr. Stuart А. Russell's conclusion from an examination of Professor 
Ayrton’s paper on “Interference with Alternating Currents,” is the 
same as my own. It appeared to me to be a collection of undigested 
Purposeless experiments that at the time taught nobody more than it 
taught its author, Мг. Russell is also correct in pointing out that in 
1891 neither Professor Ayrton nor any one else in the discussion on 
Dr. Flemings paper showed that it was not necessary to go on 
generating to 45 amperes capacity-current at 10,000 volts. 

Mr. Esson is in reality in agreement with me about the * Ohm's law ” 
the relation between pressure and capacity. The formule quoted 
as showing Pedagogic knowledge of principles are based on nothing: 
more substantial than а supposed necessity for some basis for black- 
board calculations, I quite agree with Mr. Esson—these relations are 


« . 
Very imperfectly understood." It is worse than mischievous to 
€Xpress them as laws. 


of 


‘In Mr. Alexander Russell's remarks on the different wave effect of 
oils, he illustrates once more the difficulties of 


! Не suggests that condensers should be 
size by transforming up; this seems sound, but I cannot 
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find that it is ever done. I wonder why. It ought to be useful with 
low-tension motors. 

Mr. Addenbrooke thinks the Board of Trade should allow overhead 
wires. Probably they would be allowed for crossing quite open country, 
but we are not likely to see them again in towns. His tests on losses 
in condensers are interesting, but not necessarily any guide to losses in 
cables. There scems little doubt that condensers may be made with 
very small losses. But if the same care were applied to cable-making, 
the price of the cable would probably go up very much. 

Mr. Addenbrooke's researches seem to have covered a very large field 
during the last few years, but I can only refer to a few of the points he 
raises. We must make shift with cables, as it is pretty certain the 
Board of Trade will not allow overhead wires, except, perhaps, in the 
open country. The losses in condensers are probably very little guide 
to what occurs in cables. Even if the materials are the same, the 
methods of manufacture are not. 

The choking coil took a current of about o'15 ampere. I did not 
measure it very carefully. The eddy current losses in chokers with 
open gaps seem to be considerable. They disappear when the gap 15 
closed. I think I explained that I used an iron choker with a gap to 
be able to put it in a reasonable-sized iron case. For practical pur- 
poses the external field of an ironless choker is a difficulty—and it is 
not adjustable easily. 

Mr. Boot confirms my observations as to the checking of an engine 
when an idle cable is switched on. I hope he will find an opportunity 
of making the steam tests he mentions. His estimate of the cost of 
wattless current as about one-fourth of wattful current is about the 
same as my own. He has no doubt given the right explanation of the 
change produced on his power-factor by increase of length of cable. 

Mr. Nisbett speaks as a practical cable maker. І am very glad he is 
taking such a kcen interest in this matter. No one has better oppor- 
tunities for experiment and investigation. Whatever result my paper 
may have, it cannot be an ill one for paper cables. Mr. Nisbett savs 
Deptford could not lose much energy in its mains without knowing it— 
therefore the power-factor must be low. But Mr. Partridge has told 
me that he has found considerable losses in his idle mains, and there- 
fore only keeps enough of them in circuit for the load. Then it must 
not be forgotten that in an ordinary alternate-current station a difference 
of 30 per cent. often exists between the “units generated" and the 
“units sold.” If this can occur at 2,000 volts, what may not happen at 
10,000 Or 15,000? 

Mr. Nisbett inclines to the belief that the power-factor in his cables 
is about “025. I hope he is right. Let us assume, for the sake of 
argument, that he is right ; and let us further assume that he can make 
cables with the very low capacity of 025 mfd. per mile. What will 
this mean in a three-phase, 10,000-volt, 50 MJ cable? It will mean a 
loss of 589 actual watts, or 5,150 B. of T. units per mile per year. At id. 
per unit this eats up £21 9s. a vear. The loss would be the same as if 
8-c.p. lamps were placed nine yards apart along the mains. 

Mr. Nisbett works out the case of the Midland Power Company's 
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cables, and shows that assuming all the 5,000 k.w. of plant is taken up, 
the percentage loss will only be r2 per cent. He kindly sent me 
particulars of those same cables. I make the loss r5 per cent., but 
that is near enough. The basis of comparison seems rather a dangerous 
one from a business point of view. After all, it does not take many 
small percentage losses to absorb an ordinary dividend, and 155 per 
cent. is 30 per cent. of 5 per cent. Till the whole 5,000 k.w. is taken 
up it will be more than 30 per cent. of 5 per cent. ! On the important 
question whether the power-factor diminishes or increases with increase 
of pressure, I note the difference of opinion between Mr. Nisbett and 
Dr. Hoor ; but he does not give anv reference to Dr. Hoor's results, 
which were not contributed to this discussion. The only test I have 
been able to make is that given in Fig. r. Тһе straightness of the 
“ curve " suggests that the power-factor is constant at least for pressures 
up to 4,500 volts. 

I quite agrec with Mr. Nisbett that chokers to reduce capacity- 
current gencrated are only uscful at times of light load. ан 
light load often occupies a large part of the day. 

Mr. Nisbett concludes by asking where the demand for condensers 
is to be found. The curves I have given of their effect on motor 
power-factors (p. 467) will answer this question. 

Mr. Cruise's contribution to the discussion deserves careful study. 
As he is engaged practically in connection with extra-high-tension work 
his opportunities for obtaining information are probably considerable. 
As to the amount of the losses, Mr. Cruise is now in possession of all the 
information I can give him, and can very well form his own conclusions. 
He regards a loss of 9 or 10 per cent. as only “rather formidable," but 
thinks it would not quite spoil a dividend : I should have thought it 
would have wiped it out altogether. He assumes a large load and a 
high load-factor, and thinks it has been satisfactorily demonstrated that 
these things may reasonably be expected. He assumes that in power 
schemes 2,500 k.w. per cable will be common. I quite agree with him 
that if all these desirable conditions are obtained all will be well. He 
builds his hopes on it, but admits that if it does not come oft—if the 
distribution is largely by cables supplving 500 k.w. or less—then the 
losses will be disastrous. I fear he is quite right, and can assure him 
that they become very serious indeed even with such low power-factors 
as 0'025. 

He puts the “other transmission losses" at 5 to 7 per cent. For my 
part I should be very agreeably surprised if the other transmission and 
transformation losses come out at less than 20 per cent. 

Mr. Cruise's table is both uscful and interesting. 

Мк. Baillie makes the uscful suggestion that cable makers should 
endeavour to take the energy loss by observing {һе rapidity of polarisa- 
tion, and points out that they have all the facilities for doing this т 
making their insulation tests. Мг. Baillie points out that Lombardi's 
power-factor of о068 was got оп a cable and not on a condenser. It 
was а gutta-percha cable—the only one referred to in this discussion. 

Mr. Whalley is quite right. My attention was first called to this 
capacity matter by the study at St. Petersburg of some effects occurring 
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find that it is ever done. I wonder why. It ought to be useful with 
low-tension motors. 

Mr. Addenbrooke thinks the Board of Trade should allow overhead 
wires. Probably they would be allowed for crossing quite open countrv, 
but we are not likely to sce them again in towns. His tests on losses 
in condensers are interesting, but not necessarily any guide to losses in 
cables. Тһеге seems little doubt that condensers may be made with 
very small losses. But if the same care were applied to cable-making, 
the price of the cable would probably go up very much. 

Mr. Addenbrooke's researches seem to have covered a very large field 
during the last few years, but I can only refer to a few of the points he 
raises. We must make shift with cables, as it is pretty certain the 
Board of Tradc will not allow overhead wires, except, perhaps, in the 
open country. Тһе losses in condensers are probably very little guide 
to what occurs in cables. Even if the materials are the same, the 
methods of manufacture are not. 

The choking coil took a current of about o'r5 ampere. I did not 
measure it very carefully. The eddy current losses іп chokers with 
open gaps seem to be considerable. They disappear when the gap is 
closed. Ithink I explained that I used an iron choker with a gap to 
be able to put it in a reasonable-sized iron case. For practical pur- 
poses the external ficld of an ironless choker is a difficulty—and it is 
not adjustable casily. 

Mr. Boot confirms my observations as to the checking of an engine 
when an idle cable is switched on. I hope he will find an opportunity 
of making the steam tests he mentions. His estimate of the cost of 
wattless current as about one-fourth of wattful current is about the 
same as my own. He has no doubt given the right explanation of the 
change produced on his power-factor by increase of length of cable. 

Mr. Nisbett speaks as a practical cable maker. I am very glad he is 
taking such a keen interest in this matter. Мо one has better oppor- 
tunities for experiment and investigation. Whatever result my paper 
may have, it cannot be an ill one for paper cables. Mr. Nisbett says 
Deptford could not lose much energy in its mains without knowing it— 
therefore the power-factor must be low. But Mr. Partridge has told 
me that he has found considerable losses in his idle mains, and there- 
fore only keeps enough of them in circuit for the load. Then it must 
not be forgotten that in an ordinary alternate-current station a difference 
of 30 per cent. often exists between the “units generated" and the 
*units sold." И this can occur at 2,000 volts, what may not happen at 
10,000 Or 15,000? 

Mr. Nisbett inclines to the belief that the power-factor in his cables 
is about “025. I hope he is right. Let us assume, for the sake of 
argument, that he is right ; and let us further assume that he can make 
cables with the very low capacity of о25 mfd. per mile. What will 
this mean in a three-phase, 10,000-volt, 50 MJ cable? It will mean a 
loss of 589 actual watts, or 5,150 B. of T. units per mile per year. At 1d. 
per unit this eats up £21 9s. a year. The loss would be the same as if 
8-c.p. lamps were placed nine yards apart along the mains. 

Mr. Nisbett works out the case of the Midland Power Company's 
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cables, and shows that assuming all the 5,000 k.w. of plant is taken up, 
the percentage loss will only be r2 per cent. Hc kindly sent me 
particulars of those same cables. I make the loss r3 per cent., but 
that is near enough. The basis of comparison seems rather a dangerous 
one from a business point of view. After all. it does not take many 
small percentage losses to absorb an ordinary dividend, апа r5 per 
cent. 15 30 per cent. of 5 per cent. ТІП the whole 5,000 k.w. is taken 
up it will be more than 30 per cent. of 5 per cent. !. On the important 
question whether the power-factor diminishes or increases with increase 
otf pressure, I note the ditfterence of opinion between Mr. Nis bett and 
Dr. Hoor ; but he does not give anv reference to Dr. Hoor's results, 
which were not contributed to this discussion. The only test [ have 
been able to make is that given іп Fig. r. The straightness of the 
" curve " suggests that the power-factor is constant at least for pressures 
up to 4,500 volts. 

I quite agree with Mr. Nisbett that chokers to reduce capacitv- 
current generated are only useful at times of light load. Unfortunately 
light load often occupies а large part of the dav. 

Mr. Nisbett concludes by asking where the demand for condensers 
is to be found. The curves Г have piven of their effect on motor 
power-factors (p. 467) will answer this question. 

Mr. Cruise's contribution to the discussion deserves careful study. 
As he is engaged practically in connection with extra-high-tension work 
his opportunities for obtaining information are probably considerable. 
As to the amount of the losses, Mr. Cruise is now in possession of all the 
information I can give him, and can very well form his own conclusions, 
He regards a loss of 9 or 10 per cent. as only “rather formidable,” but 
thinks it would not quite spoil a dividend: I should have thought it 
would have wiped it out altogether. He assumes a large load and a 
high load-factor, and thinks it has been satisfactorily demonstrated that 
these things may reasonably be expected. He assumes that in power 
schemes 2,500 k.w. per cable will be common. I quite agree with him 
that if all these desirable conditions are obtained all will be well. He 
builds his hopes on it, but admits that if it does not come off—if the 
distribution is largely by cables supplving 500 k.w. or less—then the 
losses will be disastrous. I fear he is quite right, апа can assure him 
that they become very serious indeed even with such low power-factors 
а5 0025. 

He puts the “other transmission losses" at 5 to 7 per cent. For mv 
part I should be very agrecably surprised if the other transmission and 
transformation losses come out at less than 20 per cent. 

Mr. Cruise's table is both useful and interesting. 

Мк. Baillie makes the usetul suggestion that cable makers should 
endeavour to take the energy loss by observing the rapidity of polarisa- 
tion, and points out that they have all the facilities for doing this in 
making their insulation tests. Mr. Baillie points out that Lombardi's 
power-factor of 0068 was got on a cable and not on a condenser. It 
was a gutta-percha cable—the only one rcferred to in this discussion. 

Mr. Whallev is quite right. My attention was first called to this 
capacity matter by the study at St. Petersburg of some etfects occurring 


, 


Мг. Mordey. 


Мг. Mordey. 


472 MORDEY: CAPACITY IN ALTERNATE CURRENT [Feb. 14th, 


in the enormous network of Helsby cables there. He points out that 
the great capacity of 88 míd. in that installation is a great advantage, 
as it balances the large wattless current of the transformers. I both 
agree and disagree. I learnt several things at St. Petersburg, and one 
was that the transformers supplied by the continental makers are much 
below our English standard. I was very much surprised to find trans- 
formers with o'5 to об power-factor and with energy losses far greater 
than would be tolerated here. I do not agree that it should be neces- 
sary to provide a balance for such transformers, but, having them, it is 
no doubt also a good thing that the cables should have a large capacity. 
Mr. Whalley's interesting curves show how greatly the oscillograph 
must aid in the study of this subject. 

Mr. L. Andrews is very much tothe point in showing that the charging 
of his mains is costing him between £300 and £400 a year. He has 
gone so far as to rearrange his system to avoid this loss during light- 
load hours. I hope he will not forget to let us have the result ot the 
comparative tests he intends to make when he gets his arrangements 
completed. 

Conclusion.—]It would require a great deal of time and space to do 
justice to the discussion. I have only been able to touch on some of 
the salient points. I am greatly obliged to all who have contributed to 
the elucidation of this subject. A mass of very useful additional and 
critical matter has been provided. 

Attention has been directed chicfly to the loss of energy, and on the 
whole with a very useful result. 

One object of my paper was to show that in the dielectric of cables 
losses were being entirely overlooked which were of engineering im- 
portance. I went so faras to say these losses were often more important 
than the copper losses. I gave the results of certain tests which mav 
ог may not have been correct. Similar values have been got on other 
cables by other people—capable observers like Mr. Minshall and Mr. 
Duddell. My tests have Бесп disputed, but it has been shown by Mr. 
Sparks, the engineer of the company working the cables, that even on 
the basis of the lowest results obtained by later tests, this dielectric loss 
consumes more than 8 per cent. of the energy transmitted by the cables 
in question—that is to say, actually more than the copper loss. Since 
the discussion I have had occasion to go into the details of a power 
transmission scheme, and I find, so far from the dielectric losses being 
insignificant and unworthy of consideration, that on the basis of the 
lowest and latest values obtained by my critics, the dielectric losses will 
amount to considerably more than the copper losses. Му study of this 
matter shows its very great and serious importance, especially in con- 
nection with “ extra-high-pressure” schemes of transmission. In my 
paper I may or may not have been right as to the amount of the loss— 
that 15 not the essential point ; the practical question is whether the loss 
is one which will affect practical engineering problems. I find that 
even on the most favourable assumption the loss is sufficiently serious to 
affect the way we must regard such problems in high-tension work as 
the choice of pressure, of frequency, of number of phases, of type, 
material, size, and construction of cables, of amount of load per cable, 
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In more than one of these things this loss will be found to be the 
controlling factor. 


Mr. Могасу. 


The Ркемрехт : We have already thanked Mr. Mordey for his The 


paper, but may I ask you again to give your thanks to him for his 
contribution ? 


The motion was carried with acclamation. 


The PRESIDENT announced that the scrutincers reported Ше fo!- 
lowing candidates had been duly clected :— 


Members : 
Arthur Jacob. Major-General Beresford 
Lovctt, С.В., C.S.I., В.Е. 


Associale Members : 


Stuart Bell. Edward John Neachell. 
Albert Campbell, B.A. Charles Frederick Smith. 
Alfred George Cooper. Albert Thomas Turney. 


Frank Little. 


Associates : 


Ernest Edward Allen. | Archibald Ernest Grant. 
Edward Harold Atkinson. ' Charles Harold Higgins. 
Alfred H. Cahen, B.Sc. Frederick Walter Shorrocks. 
James L. Chambers. Shelley Albert Stammwitz. 
Oliver Hammond Ellis. Charles Stewart, B.Sc. 
Harold William Firth. Herbert Osborn Wraith. 
Charles William Forster. 

Students: е 
Benjamin Baily. Edgar Шоха Smith. 
Herbert Sugden Binns. | George Edward Smith. 
Joseph John Fasola. William Henry Taylor. 
Fred. Е. Green. , Sidney Mark George Teal. 
Frank Clements Knowles. , R. Elliott S. Turnbull. 
John Ormiston McLaren. 22 James W. Wilson. 


Reginald Phillips. | 


Note.—The Institution is indebted to the Electrician for the blocks of the 
Figures on pp. 389, 420, 427, 455, 456, and 457, and to the Electrical Review for 
those of the Figures on pp. 460, 461, in the discussion on Mr. Mordey's 
Paper.—ED. 
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in the enormous network of Helsby cables there. He points out that 
the great capacity of 88 mfd. in that installation isa great advantage, 
as it balances the large wattless current of the transformers. I both 
agree and disagree. I learnt several things at St. Petersburg, and one 
was that the transformers supplied by the continental makers are much 
below our English standard. I was very much surprised to find trans- 
formers with о to 0:6 power-factor and with energy losses far greater 
than would be tolerated here. I do not agree that it should be neces- 
sary to provide a balance for such transformers, but, having them, it is 
no doubt also a good thing that the cables should have a large capacity. 
Mr. Whalley's interesting curves show how greatly the oscillograph 
must aid in the study of this subject. 

Mr. L. Andrews is very much tothe point in showing thatthe charging 
of his mains is costing him between £300 and £400 a year. He has 
gone so far as to rearrange his system to avoid this loss during light- 
load hours. I hope he will not forget to let us have the result of the 
comparative tests he intends to make when he gets his arrangements 
completed. 

Conclusion.—It would require a great deal of time and space to do 
justice to the discussion. І have only been able to touch on some of 
the salient points. I am greatly obliged to all who have contributed to 
the elucidation of this subject. A mass of very useful additional and 
critical matter has been provided. 

Attention has been directed chiefly to the loss of energy, and on the 
whole with a very useful result. 

One object of my paper was to show that in the dielectric of cables 
losses were being entirely overlooked which were of engineering im- 
portance. I went so faras to say these losses were often more important 
than the copper losses. I gave the results of certain tests which mav 
or may not have been correct. Similar values have been got on other 
cables by other people—capable observers like Mr. Minshall and Mr. 
Duddell. My tests have been disputed, but it has been shown by Mr. 
Sparks, the engineer of the company working the cables, that even on 
the basis of the lowest results obtained by later tests, this dielectric loss 
consumes more than 8 per cent. of the energy transmitted by the cables 
in question—that is to say, actually more than the copper loss. Since 
the discussion I have had occasion to go into the details of a power 
transmission scheme, and I find, so far from the dielectric losses being 
insignificant and unworthy of consideration, that on the basis of the 
lowest and latest values obtained by my critics, the dielectric losses will 
amount to considerably more than the copper losses. My study of this 
matter shows its very great and serious importance, especially in con- 
nection with * extra-high-pressure" schemes of transmission. In my 
paper I may or may not have been right as to the amount of the loss— 
that is not the essential point; the practical question is whether the loss 
is one which will affect practical engineering problems. І find that 
even on the most favourable assumption the loss is sufficiently serious to 
affect the way we must regard such problems in high-tension work as 
the choice of pressure, of frequency, of number of phases, of type, 
material, size, and construction of cables, of amount of load per cable, 
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In more than one of these things this loss will be found to be the М Мәке 
controlling factor. 

The PRESIDENT : We have already thanked Мг. Mordey for his Tre 
paper, but may I ask you again to give vour thanks to him for his нш 
contribution ? 

The motion was carried with acclamation, 


The PRESIDENT announced that the scrutineers reported Ше tol- 
lowing candidates had been duly elected :— 


Members : 
Arthur Jacob, Major-General Berestord 
Lovett, C.D., CSE, К.Е. 


Assoctate Members : 
Stuart Bell. 22 Edward John Neachell. 
Albert Campbell, В.А. | Charles Frederick Smith. 
Айтса George Cooper. | Albert Thomas Turney. 
Frank Little. | 


E ssociales : 


Ernest Edward Allen. | Archibald. Ernest Grant. 
Edward Harold Atkinson. Charles Harold Higgins. 
Alfred H. Cahen, B.Sc. Frederick Walter Shorrocks, 
James L. Chambers. | Shelley Albert Stammwitz. 
Oliver Hammond Ellis. Charles Stewart, B.Sc. 
Harold William Firth. Herbert Osborn Wraith. 
Charles William Forster. | 

Students: е 
Benjamin Bailv. Edgar Llovd Smith. 
Herbert Sugden Binns. George Edward Smith. 
Joseph John Fasola. William Henry Tavlor, 
Fred. E. Green. Sidnev Mark George Teal. 
Frank Clements Knowles. К. Elliott S. Turnbull. 
John Ormiston McLaren. : James W. Wilson. 


Reginald Phillips. 


‚ Note.—The Institution is indebted to the Electrician for the blocks of the 
Figures on РР. 399. 426, 427, 455, 456, and 457, and to the Electrical Review for 
those of the Figures on pp. 460, 461, in the discussion оп Mr. Murdey’s 
Paper.—E p. 
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The Three Hundred and Fifty-Eighth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, February 21st, 1901— Professor 
JOHN Perry, F.R.S., President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
February 14th, 1901, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that the 
list should be suspended in the library. 


The following transfers were announced as having been 
approved by the Council, viz. :— 


From the class of Associates to that of Members— 
Edward Stanley Franklin. 


From the class of Associates to that of Associate 
Members— 


George Henry Corringham. — | Frederic E. Nosworthy. 


From the class of Students to that of Associates— 


William James Cooper. Eustace Graham Sheppard. 
Edward Henderson Freeman. Henry Sinclair Watson. 
Mendel Finkelstein. 


Messrs. H. J. Moysey and H. J. Hodges were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Building Fund were announced as 
having been received since the last meeting from:—Messrs. 
J. К. Andrew, В. С. Barker, В. Balaji, В. J. Brown, 
H. H. Crockford, and C. W. Fourness, to all of whom the 
thanks of the meeting were duly accorded. 


The PRESIDENT: The following resolution from the 


Newcastle Local Section has been received since our 
meeting last week ;— 
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NEWCASTLE LocaL SECTION. Resolution passed at the meeting of 
February 11th. 

“That we, the Newcastle Local Section of the Institution of 
Electrical Engineers, express our grief at the death of our late Beloved 
Sovercign, Her Majesty, Queen Victoria, and our most loyal sympathy 
with our present Gracious Sovereign, King Edward the VII., and to 
request the Secretary of the Institution to forward the same to the 
proper quarter." 


THE ELECTRICAL POWER BILLS OF 19oo: 
BEFORE AND AFTER. | 


By WM. L. MADGEN, Member. 


The difficulty of selecting a title to describe suitably a 
statement dealing with many considerations is a familiar 
one, and as I should wish to deflect discussion to more 
important questions, I wil by way of preamble more 
particularly describe the scope and intention of this paper. 

The intention, then, is to consider those conditions of 
our electrical industry which led up to the Electrical Power 
Bills of the past session, to describe briefly some of the 
main features of the Bills themselves, and to urge the 
Institution to determine what its attitude should be in face 
of the charges of backwardness continually being made in 
regard to the applications of electrical energy in this country. 

To present a connected case it may be necessary to 
traverse a certain amount of ground well known to many 
of us; but it is in the hope that we shall be more firmly 
united in our struggle against the continuing legislative 
and other difficulties by which our path is sorely beset, 
that I ask you to review the situation this evening. 

The new century has been acclaimed on all hands as 
the age of electricity, but every article on the subject іп 
the magazines and daily press, and they have been many, 
appears to bewail the backwardness of this country in 
electrical enterprise. | 

The Daily News, іп а leading article devoted to the 
recent visit of Mr. C. T. Yerkes, the American tramway 
magnate, suggests that now Mr. Yerkes is about to have 
his hand in on this side he might proceed to think out 
some magnificent scheme for enabling the people of 
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England, among other things, to work their factories and 
workshops by electricity ! 

The Daily Graphic, іп an illustrated article describing 
electrical developments in northern Italy, notes that 4... 
in one enormous industry there can be no doubt that 
we are far behind nearly every important country in the 
world. That industry is, in broad terms, the adaptation 
of electrical energy to the needs of man." 

The Daily Mail, in a leader headed “Our Start in the 
Electrical Age," says : “In the twentieth century we find that 
our competitors are ahead of us in the utilisation and appli- 
cation of electricity. It is not to England that the foreigner 
comes for dynamos or electric tools or electric lifts or electric 
railway and tramway fittings. . . . Our streets are rarely 
lighted by electricity. As a motive power on our railways 
and tramways this new force has been as yet only 
occasionally employed, and the two or three electric rail- 
ways of London are still а source of wonder to the 
inhabitants of our islands. АП this is greatly changed 
from the day when we led the world. And whereas in 
the past we built the foreigners' steam railways, to-day 
the American is building, or proposing to build, our electric 
lines." 

This article goes on to say that * it would be interesting 
to investigate the causes of our backwardness." Тһе matter 
is, however, something more than “interesting,” it is one 
that demands our most active concern. 

Some of the indictments are more sweeping. It appears 
we are not all alone unhappy ; the Pall Mall considers that 
“in every department of public life our methods аге out 
of date. We feast on words and trade upon tradition... . 
We forget that, though the camel may exist for a period 
upon its own hump, the process cannot last for ever. We 
have been like Brahmins in our pride and Mandarins in 
our methods, and that 15 a bad combination.” Fielden'’s 
Magazine, the militantly British, finds space for Sir W. Н. 
Preece to say, а propos of the dangers of foreign competition, 
that “we are a foolish and conceited nation, and blind to 
our own deficiencies.” 

The above are а few examples of the reproach which has 
become familiar to most of us. It may be the habit of the 
British, “in the intervals of blowing our own trumpets, to 
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rush to the other extreme, and to needlessly belittle our- 
selves." It may be that “ prophets of ill are for ever telling 
us of the decadence of our industries and of the rapid 
progress of our rivals," but there is no comfort for the 
electrical engineer in any such commonplace. 

After the events of the past year there is little need to 
urge that the national sentiment is as sound among mem- 
bers of this Institution as іп any part of the community, 
and the conclusion which has been forced upon us from all 
sides that the extent of our department of industrial work 
is far behind that of nearly every other important nation in 
the world, is sufficiently mortifying. 

There may be some of us who find amusement in the 
comments of the daily papers on technical subjects, but it 
should be remembered that the articles we scoff at are read 
by thousands of those of our fellow-countrymen who make 
up those sentiments and influences which affect us seriously, 
and it seems full time that steps should be taken to place 
the responsibility for our backwardness where it belongs. 

We shall have to take our own part, or we shall find the 
public ordering German plant with the same complacency 
as they purchase German pianos. ° 

It has become the custom with some of us to devote 
occasionally a few weeks to the visiting of other countries to 
benefit by the experience gained there in the developments 
of electrical work, and thanks principally to the energy of 
our Secretary this practice has become organised, and a 
largely increasing number now have opportunities of taking 
part in these expeditions. 

The reflections ensuing upon these visits have no doubt 
varied in depth, and in character, with the individual and 
the nature of his occupations. 

One of our greatest science teachers, in his Presidential 
address which lives in our memory, referred in inspiring 
terms to the visit to Switzerland and the revelation it was to 
us. We were, he said, very much like what engineers of 
1870 would have been if brought suddenly into a generating 
station, and attributed much, if not most, of our backward- 
ness to our knowing too little theory. 

I am inclined to the view that this lack of theoretical 
knowledge 15 an effect rather than a cause of our troubles. 
In Germany and Switzerland particularly we see a systematic 
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devotion to technical and scientific training, but the Ameri- 
cans have applied themselves rather less to the principles 
than to the applications of science, and it is the latter 
country which is probably the most in advance of us in 
electrical engineering. 

It is unnecessary, however, to give occasion for a discus- 
sion on theory versus practice. 1 am sure we take it to heart 
that we have too little theory, and will loyally support those 
who are endeavouring to apply more scientific methods to 
our manufactures. I am more apprehensive just now con- 
cerning the scope for the employment of the young electrical 
engineer when he has been prepared by the most approved 
methods. 

We have no feeling but cordial goodwill for those friends 
abroad who have made our visits so pleasant and instruc- 
tive; but the reflections of many of us on our return have 
been those of indignation at the obstacles set in the path of 
our industry by the governing bodies of this country, and of 
resentment at the wretched waste of energy and enterprise 
which they have occasioned. 

The electrical engineers of the United Kingdom are not 
to blame, and there 15 no occasion for any apology on their 
behalf. I am aware there may be those who are interested 
in the maintenance of old methods of working, and we have 
internal complaints now and again for which the Observatory 
at Kew may for the moment be taken as a symbol. But 
we can put such issues past us for the present, and con- 
sider whether it 1s not our duty to make a united effort to 
secure liberal measures of enfranchisement. 

The position cannot be attributed to lack of ability or 
inventiveness on the part of British engineers. Some of the 
most important improvements have been worked out in this 
country, but our environment has been too much for them, 
and they have found their fullest practical application 
abroad. 

One of the first electric tramways on a practical scale 
was put down in the north of Ireland by Lord Kelvin, Mr. 
Traill, and others, but the effect of the Act of 1870 which 
had been humorously entitled “An Act to facilitate the 
construction and to regulate the working of Tramways,” 
has been disastrous to tramway enterprise in this country. 

The principles of dynamo construction were worked out 
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atan early stage by the late Dr. John Hopkinson, whose 
share in the evolution of the three-wire system is also well 
known to us. 

To Swan as much as to any other the world is indebted 
for the incandescent lamp. 

In the early eighties, work of the utmost value was done 
by Ferranti and others on the details of alternating-current 
transmission. 

It is unnecessary for me here to dwell upon the abundant 
evidence in support of this. It is registered for the most 
part in the Journal of the Institution, and much of it ts 
recorded in the work of others on every continent. 

What is the reason, then, that our electrical industry 15 
behind that of nearly every important country in the world ? 

It is due in the first place to silly legislation by Parlia- 
ment and to obstruction by the numerous local authorities 
entrusted with arbitrary powers. Іп the second place it 15 
due to a class of quasi-officials and their associates to whose 
direct monetary advantage it is that an opposition should 
be entered to every project in which they are not em- 
ployed. 

There may be contributory causes, but to these, and 
others that flow from them, our chief difficulties may be 
assigned. 

Ere this Institution was founded an obstacle had 
been prepared for us. In 1870 was passed the Tramways 
Act to which I have referred, and these are some of its 
leading provisions. А tramway cannot be authorised by 
Provisional Order without the consent of the local autharity 
of the district. If the proposed tramway 1$ to run through 
two or more districts, and consents have been obtained in 
respect of two-thirds of the length, the Board of Trade may 
upon inquiry dispense with consents for the remainder. 

When the procedure is by Provisional Order, the con- 
struction of the line can be absolutely blocked by notice 
given in the prescribed manner by one-third of the owners, 
or of the occupiers, of the premises abutting upon the 
road where for so short a distance as 30 feet or upwards 
there would be less than 9ft. 6in. between the outside 
of the footpath on either side of the road and the nearest 
rail of the tramway. 

The most onerous condition is provided in the notorious 
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section 43 by virtue of which the local authority сап 
purchase a tramway at the expiration of twenty-one years 
from the date of the Order, or of any subsequent period of 
seven years, on the terms of paying the then value of the 
tramway, exclusive of any allowance for past or future profits 
of the undertaking, or any compensation for compulsory 
sale, or other consideration whatsoever. 

We shall agree with Mr. Granville C. Cunningham, 
general manager of the Central London Railway, that 
“there is perhaps nothing that has done so much to prevent 
the relief of overcrowding and congestion as the Tramways 
Act of 1870. Its provisions in rigidly limiting the term of 
the concession to twenty-one years, and practically fixing 
the price at which the Municipality may take over the 
undertaking at something far below its value, have 
effectually checked the growth of electric systems.” 

If procedure by Special Act is resorted to, the Standing 
Orders of the two Houses require in like manner the 
consent of the local authority, so that the undertaking 1$ not 
furthered in that respect and is equally liable to be bled 
for the purpose. The frontagers are given a locus to oppose, 
so that a small number of them are not so well able, 
through caprice or other motive, to prevent the construc- 
tion of an important line; but the expense and risk of 
procedure by Special Act have been sufficiently serious 
deterrents. | 

] think the nett results will justify us in agreeing with 
Mr. Balfour Brown that this same Tramways Act was “а 
very silly contrivance indeed." 

Consider the waste of energy and of enterprise in battling 
against such conditions, and whether it 1s any wonder our 
countrymen have to complain that we are lamentably behind 
the rest of the world in the cheap and rapid transport 
facilities afforded by electric traction. 

We have! pleaded that there is no country in the world 
which would benefit more than our own by the provision of 
comprehensive electric tramway systems, or that stands 
more in need of them to rclieve overcrowding, yet their 
introduction has been slow and halting, and carried out in 
the face of bitter opposition. Instead of lending a helping 


t Sec particularly paper by Mr. Granville C. Cunningham, in the Tramway 
and Raikczy World, December, 1889. 
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hand, governing bodies seem to have thought they were 
doing the public a service by narrowing enterprise down 
to the scantiest possible outlets, and in some cases by 
establishing an etfective blockade against it. 

Twenty-six years elapsed—near upon а generation— 
and it was not until 1505 that the repose of the Board of 
Trade was disturbed—a body curiously constituted and still 
more curiously named—and it was found that something 
really must be done. A Commission was then appointed to 
consider the question of Tramways and Light Railways, and 
as aresult of their report the Light Railways Act was passed 
in 1396, only four years ago. But this was only a tentative 
provision, it expires this year, and unless some measure of 
enfranchisement 1$ passed, we shall be thrown back upon 
the Act of 1870, which remains effective upon the Statute 
Book. 

The other great department of our domain, the general 
supply of electrical energy for industrial and domestic 
purposes, is even yet almost entirely governed by the Act of 
1882, which was passed at a time when “the state of the 
art" was such that electrical energy could only be supplied 
economically for а distance of a mile to a mile and a half 
from the generating station. 

In effect the legislation was made to match the fact that 
at least one separate station was then required for each town, 
and the Town Council was constituted the authority which 
could either undertake the work itself, or consent to the 
acquirement of the necessary powers by a company. 

In either case the Act contemplated the local authority 
being the ultimate owner of the local undertaking. The 
clauses as to consent, the period and the terms of purchase, 
were inspired by the spirit of the Tramways Act of 1870, 
and the effect upon electrical engineering as а national 
industry has been equally disastrous. The result was a 
fiasco. What did Parliament then do? Nothing until 
1888, when it climbed down in a half-hearted way— 
analogous to its performance in connection with the Light 
Railways Act—and passed another measure extending the 
purchase period from twenty-one to forty-two years, but 
leaving the onerous consent clause апа the ridiculous 
terms of purchase as they were. 

Until after the Act of 1888 we could do practically 
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section. 43 by virtue of which the local authority can 
purchase a tramway at the expiration of twenty-one years 
from the date of the Order, or of any subsequent period of 
seven years, on the terms of paying the then value of the 
tramway, exclusive of any allowance for past or future profits 
of the undertaking, or any compensation for compulsory 
sale, or other consideration whatsoever. 

We shall agree with Mr. Granville C. Cunningham, 
general manager of the Central London Railway, that 
“there is perhaps nothing that has done so much to prevent 
the relief of overcrowding and congestion as the Tramways 
Act of 1870. Its provisions in rigidly limiting the term of 
the concession to twenty-one years, and practically fixing 
the price at which the Municipality may take over the 
undertaking at something far below its value, have 
effectually checked the growth of electric systems." 

If procedure by Special Act is resorted to, the Standing 
Orders of the two Houses require in like manner the 
consent of the local authority, so that the undertaking is not 
furthered in that respect and is equally liable to be bled 
for the purpose. The frontagers are given a locus to oppose, 
so that a small number of them are not so well able, 
through caprice or other motive, to prevent the construc- 
tion of an important line; but the expense and risk of 
procedure by Special Act have been sufficiently serious 
deterrents. | 

] think the nett results will justify us in agreeing with 
Mr. Balfour Brown that this same Tramways Act was “а 
very silly contrivance indeed." 

Consider the waste of energy and of enterprise in battling 
against such conditions, and whether it is any wonder our 
countrymen have to complain that we are lamentably behind 
the rest of the world in the cheap and rapid transport 
facilities afforded by electric traction. 

We һауе: pleaded that there is no country in the world 
which would benefit more than our own by the provision of 
comprehensive electric tramway systems, or that stands 
more in need of them to relieve overcrowding, yet their 
introduction has been slow and halting, and carried. out in 
the face of bitter opposition. [Instead of lending a helping 


* See particularly paper by Mr. Granville C. Cunningham, in the Tramway 
and Railway World, December, 1889. 


1901." BEFORE AND AFTER. 481 


= 


hand, governing bodies seem to have thought they were 
doing the public a service by narrowing enterprise down 
to the scantiest possible outlets, and in some cases by 
establishing an effective blockade against it. 

Twenty-six years elapsed—near upon a generation— 
and it was not until 1895 that the repose of the Board of 
Trade was disturbed—a body curiously constituted and still 
more curiously named—and it was found that something 
really must be done. А Commission was then appointed to 
consider the question of Tramwavs and Light Railways, and 
as a result of their report the Light Railways Act was passed 
in 1896, only four years ago. But this was only a tentative 
provision, it expires this year, and unless some measure of 
enfranchisement is passed, we shall be thrown back upon 
the Act of 1870, which remains etfective upon the Statute 
Book. 

The other great department of our domain, the general 
supply of electrical energy for industrial and domestic 
purposes, is even yet almost entirely governed by the Act of 
1882, which was passed at a time when “the state of the 
art” was such that electrical energy could only be supplied 
economically for a distance of a mile to a mile and a half 
from the generating station. 

In effect the legislation was made to match the fact that 
at least one separate station was then required for each town, 
and the Town Council was constituted the authority which 
could either undertake the work itself, or consent to the 
acquirement of the necessary powers by a company. 

In either case the Act contemplated the local authority 
being the ultimate owner of the local undertaking. The 
clauses as to consent, the period and the terms of purchase, 
were inspired by the spirit of the Tramways Act of 1870, 
and the effect upon electrical engineering as а national 
industry has been equally disastrous. The result was a 
fiasco. What did Parliament then do? Nothing until 
1888, when it climbed down іп а half-hearted way— 
analogous to its performance in connection with the Light 
Railways Act—and passed another measure extending the 
purchase period from twenty-one to forty-two years, but 
leaving the onerous consent clause and the ridiculous 
terms of purchase as they were. 

Until after the Act of 1888 we could do practically 
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nothing in the way of establishing electrical supply 
undertakings. 

Circumstances were more favourable іп America and 
Germany during those six valuable years, and, encouraged by 
the home demand, which 15 an essential condition of enter- 
prise abroad, the manufacturing trades of those countries 
laid the foundations of their great export business in elec- 
trical plant and accessories, the consequences of which we 
are feeling to-day. 

America and Germany now hold the great bulk of the 
export trade of this character, not only to the countries of 
Europe, and to South America where this country has heavy 
financial interests, but also to our own Colonies and the 
United Kingdom itself. | 

You will remember that the whole of the steam engines, 
dynamos, electric lifts, etc., for the Central London Railway, 
were supplied from America, and many other examples will 
occur to you. 

As I have said, the legislation was in effect made to 
match the fact that in 1882 it was necessary to put down at 
least one generating station for each town, and the concep- 
боп of the situation by many local authorities is shown 
by their persistent endeavours to wall themselves in, so to 
speak, against the improvements by means of which the 
area of economic supply has vastly outgrown such limits. 

The Acts of 1882-88 and their administration. have 
proved entirely congenial to the narrow exclusiveness of 
these bodies, who аге endeavouring even now in 
their opposition to the Power Bills, to insure themselves 
against the developments of science and а cheap supply 
rather than impair the prospect of their being able to 
have an isolated municipal plant all to themselves some 
day or other. 

The statistics available afford us the following figures :— 


Undertakings for which 
Orders have been ob- 


Electricity Works in 


operation. tained, but Works not 
| yet carried out. 
| 
Local > Local | ‚| 
i Authority. Company. Authority. | Company. 
! 
| | | 
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Of the fifty-hve undertakings which have not yet been 
carried out by companies, only three of the Provisional 
Orders (not taken by transfer from the local authority) are 
two years old yet, and thirty-two of the remainder only date 
from last session. Many of the works are now in course of 
construction, ала very few are being hung up in any way 
that I am aware of. 

Of the 212 Orders not yet carried out by local authori- 
tics, the works in eighty-nine cases are, I believe, in course 
of construction or have been more or less decided upon, 
leaving a balance undecided of no less than 123. 

Under a Provisional Order, the time within which a 
supplv should be available is two years from the date of the 
Order, but of the 212 towns referred to a large proportion 
have exceeded that period, some of the dates tailing back 
so far as 1891, 1892, and 1893. 

The figures do not really show the full extent to which 
business is retarded, because no one has tabulated the local 
authorities who not only have not applied for a Provisional 
Order, but of whom it is known that they would have 
blocked any application ; but the state of affairs is suffi- 
ciently shown by the fact that throughout the whole of the 
United. Kingdom electricity supply under the Acts is only 
available to the public in some 250 districts. 

Now we know that the consumer can procure his elec- 
trical energy on а more favourable basis for all concerned 
from an undertaking dealing with a comprehensive area and 
varied classes of demand, than he can get it from a rela- 
tively small local station. This being the case, it may be 
supposed that it could only be a question of time when the 
obstacles, obstinate though they have been, to the cheap 
supply and to a large extension of the industry must give 
way somewhere. | 

The first break in the clouds was observed in 1898, when 
a Joint Select Committee of the two Houses was appointed 
(at the instance of the Lords) to consider and report upon 
а reference in regard to “ Electrical Energy—Gencrating 
Stations and Supply.” 

Time does not serve to detail the circumstances which 
led up to the appointment of this Committee, to describe 
the Bills then pending in Parliament in which it was pro- 
posed to give effect to the developments of electrical science, 
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nor can I read you the full terms of the reference or of the 
report, but I extract the following paragraphs from the 
latter :— 


“Where sufficient public advantage is shown, powers 
may be given for the supply of electrical energy 
over an area including districts of numerous local 
authorities, and involving plant of exceptional 
dimensions and high voltage. The Committee 
further think that undertakings of this character 
may properly be authorised on conditions differing 
in some respects from those imposed by and under 
the existing Acts. 

“The Committee consider that the provisions of the 
Electric Lighting Act, 1888, which require the 
consent of the local authority as a condition 
precedent to the granting of a Provisional Order, 
should be amended. In their opinion the local 
authority should be entitled to be heard before the 
Board of Trade, but should not have, so to speak, 
a provisional veto, only to be dispensed with in 
special cases by the Board of Trade.” 


It was the feeling of electrical engineers that the report 
was too moderate considering the attitude maintained by 
the local authorities and their notorious misuse of the 
powers conferred upon them by the Acts, but this feeling is 
turning to one of dismay at finding that during the two or 
three years which have ensued nothing whatever has been 
done to carry out the recommendation last mentioned— 
which is a full justification of much that I have urged— 
and that their exertions continue to be very largely wasted. 

It might be gathered from the continued lamentations 
of the press that the electrical engineers of this country were 
likely to be put upon their defence, and this might indeed 
be а consistent involution of the legislation which has 
already tried us very severely in another sense, but it cannot 


+ In the House of Commons, July, 1808, Mr. Ritchie, replying to Mr. Kimber, 
said that the report of the Joint Committee would be carefully considered by 
the Board of Trade, but legislation would be required to give «Несі to some 
of the Committee’s recommendations, and he was afraid that the prospect of 
passing a Bill through that session was very small. The prospect must have 
been small indeed, for the process of official consideration has extended not 
only over 1898, but also beyond 1899 and 1900. 
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be said that we have been slow to act upon any measure 
of encouragement available to us. This was true of the 
Act of 1888, so far as its provisions would allow, and there 
has been absolutely no hesitation or delay in turning to 
practical account the paragraph in the report from which I 
have just read, with reference to the supply of electrical 
energy over extensive areas, by means of plant of excep- 
tional dimensions and high voltage. I have referred to the 
Bills pending in Parliament at the time of the report, and 
we must acknowledge the valuable pioneer work of some 
of our members in connection with them. 

The Bill which affected our prospects most strongly, 
although it did not pass, was promoted by the General 
Power Distributing Company in 1898-99, and was familiarly 
known as the Warsop scheme, the project being to distribute 
electrical energy over an area comprised within a radius of 
26 miles from Warsop in Nottinghamshire. This district 
includes such populous centres as Sheffield, Rotherham, 
Nottingham, Lincoln, Doncaster, Derby, and Chesterfield. 
The powers sought were to lay trunk mains throughout the 
area, to give a supply of electrical energy except where the 
local authority was itself empowered to supply under an 
order or Act and agreed to take a supply in bulk from the 
Company on arbitration terms. To supply direct in all cases 
to consumers taking 10,000 units per annum and upwards. 
The conditions in regard to district, etc., were favourable, 
and large quantities of coal slack were available at 2s. per 
ton in the neighbourhood of the proposed power-station. 
The Bill, as we know, did not then pass, but the powers 
which it sought to obtain have a considerable interest from 
the point of view of to-day, as in varying degrees they are 
reflected in the four Power Bills which were passed last 
session. 

Before summarising the considerations relating to the 
supply of electrical energy over extensive areas, it will be 
convenient to follow the course of events. Public opinion 
became gradually informed on the subject, and it is to be 
hoped a little moved at the sense of national backwardness, 
and in the Session of 1900 four Electric Power Bills, each 


for supply Over important English areas, passed through 
Parliament. These were :— 
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THE COUNTY OF DURHAM ELECTRIC POWER SUPPLY.— 
This area, about 250 square miles in extent, comprises the 
main portion of the Durham coal-helds and one of the 
leading manufacturing апа shipbuilding districts of the 
north-east coast. Provisional Orders had been obtained 
authorising the retail supply to consumers in the chief 
towns, viz, Gateshead, Jarrow, and Durham City. The 
British Electric Traction. Company had undertaken an 
extensive system of electric tramways іп Gateshead апа 
district, апа have since obtained powers for lines in the 
Jarrow and Durham City districts. Тһе Power Act 
authorises the laying of trunk mains throughout the area, 
and the supply of electrical energy in bulk to undertakers 
authorised to supply, and also to undertakers authorised 
to use it for prescribed purposes. 

Thus the supply may be given at once for general use 
in Gateshead, Jarrow, and Durham City, and for electric 
tramways and light railways in Gateshead, Jarrow, and 
other parts of the county. . 

The first portion of the main power-station on the river 
Tyne at Gateshead is rapidly approaching completion, and 
will be available this spring for a comprehensive system of 
supply which is being prepared in readiness for it. 

THE NORTH METROPOLITAN ELECTRIC POWER SUPPLY. 
—This area, about 325 square miles, includes the great 
suburbs to the north of London, from Tottenham on the 
east to Harrow on the west, and the growing manufacturing 
districts along the river Lea. It covers the area within 
which the extensive North Metropolitan electric light rail- 
way has been carried through by interests friendly to those 
of the Act. The provisions and general considerations are 
the same as in the County of Durham Bill, and the same 
general policy was followed. 

THE LANCASHIRE ELECTRIC POWER.—This Act takes 
in the whole of Lancashire south of the river Ribble 
(except Manchester, Salford, Bootle, and Stockport), an 
area of about 1,000 square miles. Тһе district may appear 
somewhat large, but a great part of it is undoubtedly very 
suitable, since it comprises a large number of collieries, 
engineering works, cotton mills, and a variety of other 
industries. Тһе Act contains powers to lay trunk mains 
throughout the area, and to furnish electrical energy in 
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bulk to undertakers authorised to supply, the promoters 
having relied upon the cheapness of production at large 
generating stations as sufficient to secure holders of Electric 
Lighting Provisional Orders as customers for bulk supply. 

THE SOUTH WALES ELECTRIC POWER DISTRIBUTION.— 
This includes the whole of the County of Glamorgan and 
extends into Monmouth as far as the river Usk (also includ- 
ing Newport), an area of about 1,050 square miles. The 
principal towns are Cardiff, Swansea, Newport, Barry, 
Merthyr, Pontypridd, and Neath, and the district thus 
comprises the great colliery, shipping, and manufacturing 
districts of South Wales. The provisions of this Act are 
similar to those of the Lancashire Act, with one important 
difference. The South Wales Company were given powers 
to supply direct to any person for power purposes, and for 
lighting any premises on ‘some part of which the power is 
utilised, provided only that in a local area where an Electric 
Lighting Provisional Order exists, the consent of the 
authorised distributor іп such area is first obtained. И 
such consent is withheld the Board of Trade may dispense 
with it, if in the opinion of that body the authorised 
distributor under the Provisional Order is not willing 
and іп а position to give the requisite supply to the 
power-user upon reasonable terms and within a reasonable 
time. 

All these Acts contain a sliding-scale clause as regards 
prices and dividends, also powers for the revision of the 
scale every ten years by the Board of Trade, 8 per cent. 
being taken as the normal maximum dividend. The general 
clauses follow pretty closely the usual electric supply 
practice; for details reference should be made to the Acts 
themselves. 

There are a few examples of groups of Provisional 
Orders having been obtained for adjoining districts by 
arduous negociations extending over several sessions. 
These undertakings typify many of the difficulties with 
which electrical engineers have had to contend, but they 
are not more fully referred to here as the form of 
procedure was not by Power Bill. There is, however, 
an important Northumbrian undertaking dealing with 
the north bank of the Tyne from Newcastle to North 
Shields (excluding the latter) with part of the hinterland, 
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which belongs to both classes and should not be omitted 
from the list, especially as it has been one of the first 
to get to work. 

The main purpose of the Power Acts is to keep the 
number of power-stations within economical limits, and 
by the selection of suitable sites and the equipment of 
works of considerable magnitude to enable electrical 
energy to be transmitted in such a manner that the retail 
price to the consumer will be reduced to a figure which 
will compare with, and in many cases be far lower than, 
that of any other form of power, whether gas, steam, oil, 
or other agent. 

The enormous development of electricity in the United 
States and Canada and on the Continent of Europe, and 
the numerous great electrical power distributions over large 
areas, in those countries are in themselves practical evidence 
in favour of the principles we are advocating. It cannot 
be urged that the requirements of this country, so far as 
trade and cheap production are concerned, are different 
to those obtaining in the countries mentioned. 

The absence of undertakings of the kind in the United 
Kingdom has not been on account of any difficulty ог im- 
possibility on the engineering side, or from lack of suitable 
conditions? We have few large water powers it is true, but 
there is an equally good source of power available, and coal 
in this country can replace, on favourable terms, the water 
power available elsewhere for the generation of electrical 
energy. Moreover, even in those parts of the country 
where coal is more expensive than in the coal districts 
themselves, relatively cheap electricity may be available if 
it is generated in sufficient quantity at. large power-stations, 
and the supply from such stations is distributed over a 
suitable area. Capital charges, management, rent, rates, 
and taxes usually form a larger proportion of power-station 
costs than fuel, but the greater the importance we have to 
attach to the fuel item, the more necessary it is to adopt 
the most comprehensive methods and to concentrate and 
economise its use. 

Under the Electric Lighting Acts, and the conditions 
heretofore existing, the scarcity of the electricity supply in 
this country has been due to the high cost of production. 
Even in the more developed areas the cost has been too 
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high as a general rule to admit of its being freely used 
by the consumer on terms more advantageous than those 
upon which he can employ steam or gas for industrial 
purposes, or gas or oil for domestic service. 

Statistics have shown us that the average cost of produc- 
tion and supply to consumers becomes lower as the output 
of the power-station increases, but the difference between 
stations supplying one million and four million units per 
annum 15 less, апа not in proportion to that obtaining 
between smaller stations with much less difference of out- 
put. Without an increasing “diversity factor” this difference 
would tend to disappear as stations increased in size. 

А good ““ diversity factor" can only be achieved by com- 
bining with electric lighting the supply of energy for as 
many and as various other purposes as possible, and, so far 
as lighting is concerned, the supply to every class of 
consumer. As the area of supply is extended, the “diversity 
factor" tends to improve owing to the difference in the 
incidence of the demand in different districts. 

I shall not attempt to follow the more technical aspects 
of the subject just now, as they afford scope for many 
papers, and cértainly for more discussion than you can give 
to them this evening ; but it may be well to summarise the 
points for and against the old system and the new, £.e., the 
supply from small local stations and the supply from main 
power-stations :— 


VOL. XXX. 89 
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Suppl | Үй 
upply over соте HE шз Supply in small local areas from 


from тат power-stations in 
selected positions. 


ADVANTAGES: 


т. Comparatively large field 
for devclopment. 


2. Highload-factor obtainable, 
all the plant being used to the 
best advantage. 


3. Cost of fucl and handling 
can be reduced to a minimum, 
as the power-station can be loca- 
ted where fuel is cheapest, fuel 
handling most economical, and 
water isavailable for condensing. 


4. Low running costs, man- 
agement expenses and mainten- 
ance per unit sold, as the result 
of a very large and regular out- 
put. 


s. The low cost of plant per 
kilowatt installed, and the in- 
creased economy in running 
with very large sets. 

6. Low rents, rates and taxes ;. 
the difference between town and 
country. 

7. Economical provisions for 
extensions to plant and buildings. 


8. Low costs and charges for 
clectrical energy for all purposes 
possible in consequence of above 
advantages. 

9. Removal of the power- 
station with its chimneys, etc., 
outside the residential district. 
DISADVANTAGES from point of 
view of Local Authority : 

1. The transmission mains 
must pass through their. arca 
whether supply be taken or not. 

2. Sentimental preference for 
complete independent plant ot 
their own. 


separate stations. 


ADVANTAGES : 


DISADVANTAGES : 


г. Small field for development. 


2. Relatively low load-factor. 


3. Cost of fuel, handling it, 
and water supply depend on im- 
mediate local conditions, favour- 
able or unfavourable. 


4. High running costs, Man- 
agement expenses, and mainten- 
ance, the costs per unit sold being 
generally higher the smaller 
the station. 


5. High relative cost of ma- 
chinery per kilowatt installed, 


and lower economy її running. 


6. Rents, rates 
relatively higher. 


and taxes 


7. Тһе extension оғ buildings 
is frequently very expensive, 
owing to disturbance and other 
difficulties incidental 10 town 
sites. 

8, High charges for electrical 
energy for all purposes as result 
of these disadvantage 
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The story of George Stephenson and the cow on the 
line has come down to us as typical of the prejudice and 
the ignorance with which? railways had to contend in their 
early days ; and so, too, when the early history of the elec- 
trical industry comes to be written, the part played by the 
local authorities in their strenuous opposition to the Power 
Bills will be a record of reproach to them. 

For the purposes of this opposition there was а con- 
ference of local authorities in Manchester in January, and a 
meeting of the Association of Municipal Corporations in 
May. The object of the first meeting was to prevent the 
second reading, and that of the second to iüáfluence the 
decision of the Parliamentary Committee. 

The methods adopted by those who endeavoured 
to wreck the Power Bills were strongly condemned in 
the course of the second reading? debate, and the Presi- 
dent of the Board of Trade found it necessary to repudiate 
a garbled report which had been circulated as to his remarks 
upon the Bill for the Warsop project in the previous 
session. | 

Every one interested in the welfare of the industry 
should read and think over that debate. True, the Bills 
were read a second time and committed, but what a curious 
light is thrown by the discussion upon the difficulties with 
which we have to contend ! 

Perhaps there is time to mention two examples. Mr. 
Ritchie said, ^. . . | hope the House will give its attention 
to the very important considerations in this case before they 
decide to reject on Second Reading a Bill that is fraught 
with so many possibilities. It is true, I think, that the 
electrical enterprise of this country is in an exceedingly 
backward condition ; it is inferior with regard to light, and 
certainly with regard to the conveyance of power, to many 
European countries, and it is greatly inferior to North 
America and Canada. It may almost be said that there are 


* In 1801 we had no railways in the sense we now use the term. To-day 
the railways of the United Kingdom extend to about 22,000 miles of line, con- 
structed at a cost of about 1,300 millions of pounds. Тһе annual gross 
receipts now exceed 100 millions, and of the expenditure, which amounts to 
over бо millions, fully one-half is distributed in wages to over halt a milhon 
employes. 

* See Ра’апи шагу Debates, No. 2, vol. 79 (page 1,374 and following), 
published by Wyman aud Sons, Limited, Fetter Lane. Price, 15. 34. | 
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Supply over comprehensive areas 
from main power-slations іп 
selected. positions. 


Supply in small local areas from 
separate stations. 


ADVANTAGES: ADVANTAGES: 


1. Comparatively large field 
for development. 


2. High load-factor obtainable, 
all the plant being used to the 
best advantage. 


3. Cost of fucl and handling 
can be reduced to a minimum, 
as the power-station can be loca- А 
ted where fuel is cheapest, fuc! 
handling most economical, and 
water isavailable for condensing. 


4. Low running costs, man- 
agement expenses and mainten- 
ance per unit sold, as the result 
of a very large and regular out- 
put. DISADVANTAGES: 


5. The low cost of plant per т. Small field for development. 
kilowatt installed, and the in- 
creased economy in running 
with very large sets. 3. Cost of fuel, handling it, 
and water supply depend on im- 
mediate local conditions, favour- 
able or unfavourable. 


2. Relatively low load-factor. 


6. Low rents, rates and taxes ;. 
the difference between town and 
country. 

4. High running costs, mat- 
agement expenses, and mainten- 
ance, the costs per unit sold being 


7. Economical provisions for 
extensions to plant and buildings. 


8. Low costs and charges for generally higher the smaller 
electrical energy for all purposes the station. 
ossible in conse uencc of above | . р 
m Ё inu 4 j 5. High relative cost of ma 
advantages. ; | АИ 
x chinery per kilowatt installed, 
_ 9. Removal of the powcr- and lower economy in running. 
station with its chimneys, etc. as 
‘ ж i 6. Rents, rates апа taxe» 


outside the residential district. 


DISADVANTAGES from point о! 
view of Local Authority : 


relatively higher. 

7. The extension of buildings 
. . ay v : С, 
is {frequently very expen 


1. The transmission mains owing to disturbance and othe 
2 PUN cd " : popi n 

must pass through their area difficulties incidental to ton 

whether supply be taken or not. sites. 

л ; З «trical 
2. Sentimental preterence for 8. High charges for electri | 

1 ч : А ; rest 

complete independent plant ot energy for all purposes as re? 


their own. of these disadvantage 
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_ The story of George Stephenson and the cow on the 
Ше has come down to us as typical of the prejudice and 
* ignorance with which 1 railways had to contend in their 
“апу days ; and so, too, when the early history of the clec- 
ical industry comes to be written, the part played by the 
Xl authorities in their strenuous opposition to the Power 
tls will be a record of reproach to them. 
. For the purposes of this opposition there was а con- 
terence of local authorities in Manchester in January, and a 
meeting of the Association of Municipal Corporations in 
Мау. The object of the first meeting was to prevent the 
second reading, and that of the second to influence the 
decision of the Parliamentary Committee. 

The methods adopted by those who endeavoured 
lo wreck the Power Bills were strongly condemned in 

© course of the second reading? debate, and the Presi- 
dent of the Board of Trade found it necessary to repudiate 
garbled report which had been circulated as to his remarks 
"pon the Bill for the Warsop project in the previous 
session, | 


Every one interested in the welfare of the industry 
should reaq and think over that debate. True, the Bills 
vere read a second time and committed, but what a curious 
ght 5 thrown by the discussion upon the difficulties with 

Which we have to contend ! 

‚ erhaps there is time to mention two examples. Mr. 
Ritchie said,“ | hope the House will give its attention 
: the very important considerations in this case before they 
decide to reject on Second Reading a Bill that is fraught 
^ many possibilities, It is true, I think, that the 
a €nterprise of this country 1s іп ап exceedingly 
2. condition ; it is inferior with regard to light, and 

г, У With герага {о (һе сопхеуапсе of power, to many 
1. Countries, and it is greatly inferior to North 

"and Canada, It may almost be said that there are 


1 I | 
n l \ Ы a “T° - 
the he We had no railways in the sense we now use the term. To day 
structed 2 the United Kingdom extend to about 22,000 miles of line, con- 
receipts по, СОМ of about 1,300 millions of pounds. Тһе annual gross 
Over 00 mi Xceed 100 millions, and of the expenditure, which ML. to 
employés, tons, fully one-half is distributed in wages to over halt а million 
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published po iam. itary Debates, No. 2, vol. 79 (page 1,374 and following), 
| УХ "утап апа Sons, Limited, Fetter Lane. Price, Is. 3d. 
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villages in North America which are in possession of 
advantages in connection with electricity which some of 
our largest towns do not possess. It cannot be doubted 
that there is a great demand for something to be done. At 
present electric light matters are. governed largely by the 
legislation of 1882, and it has been said that this Bill is 
largely in opposition to many of the enactments in the Act 
of 1882. И no other charge or argument could be brought 
against this proposal, the argument of the opponents 
to this Bill would indeed be weak. It must be remembered 
that it was the Act of 1882 which more than anything else 
had delayed and hampered the development of electrical 
supply, and in so far as this Bill departs from that Act, I 
think its departure is amply justified by the condition of 
things at present existing in the electrical world." 

Here we have a member of one of the strongest Govern- 
ments of modern times, the Minister entrusted with 
legislation affecting the trades of the country, who has 
realised the extent and cause of our backward condition in 
relation to a great industry, and ingenuously confessing 
that during five long years of office one of the main causes 
of the trouble has remained effective upon the Statute Book. 

Sir William Harcourt saig, *. .. I do not altogether 
share my hon.' friend's objections to great enterprises being 
carried on through private sources. That was a question 
which occupied fifty or sixty years ago the attention of this 
country, and that was at the time of the commencement 
of the great railway interest. That question was decided by 
the wisdom of the great statesman Sir Robert Peel. We 
know that Sir Robert Peel was much attacked at that time 
for throwing the railway enterprise of this country into 
private hands, апа not adopting the system so largely 
followed on the Continent. I look forward to this question 
of electricity and electric supply as the great question of the 
future, and it is from that point of view that I wish to refer 
to the subject. If this company is prepared upon proper 
conditions to supply electricity to any part of the country, I 
am not opposed to that. No man can say to-day what part 
electricity may not play in the industry of the country, and 
that is a point which the House of Commons should keep 


! Mr. Broadhurst. 
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іп view. But what are the conditions which ought to be 
imposed ? What was the policy which was pursued with 
regard to the railway companies? Parlament did not 
leave 1t altogether to particular promoters of Bills ; Parlia- 
ment did not leave it to the discretion. of individual 
committees. They placed the whole of that great enterprise, 
upon which more than a thousand millions. of private 
money has been expended, greatly to the benefit of the 
country—a sum larger than the National Debt, and now 
paving interest at least of 4 per cent. and one of the 
greatest investments for the savings of the country—under 
general legislation. I think that a model which we ought 
to follow in this instance. But what was the method which 
Parliament in those days adopted in dealing with the rail- 
ways ? They did not allow particular promoters to take 
their chance in individual committees. Thev placed the 
whole of that great enterprise, as I have said, under general 
legislation. . . ." 

This statement of Sir William Harcourt goes to justify 
the charge that the Legislature has neglected an industry 
the importance of which he describes in suitable terms, 
and it also leads us to the economic aspect of the question. 
Comparisons have been drawn between the benefits first 
derived by every class of our community from the applica- 
tions of steam power and of railways, and those which have 
accrued to other nations in larger measure than to ourselves 
from the uses of electrical energy. The United Kingdonr 
itself has not yet lost any material part of its natural 
advantages for the manufacture of engineering material, or 
of scope for their employment. In what way has destructive 
legislation acted so as to place us in the position of in- 
feriority we are reproached with to-day ? 

It has, among other things, tended to destroy cumulative 
investment effect. Savings out of the profits of a business 
tend to go back, as an additional investment into that 
business or some department of trade allied with и. Part of 
the profits derived from railway enterprise undoubtedly 
went in again, and attracting new capital to it, provided 
means for building new lines and for equipping rolling 
mills, foundries, engine works, and other undertakings 
which have provided employment for thousands of our 
fellow-countrymen. No influence has done so much 
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during the past hundred years to stimulate enterprise, to 
encourage commerce, and to develop the resources of any 
country. 

In our own time legislation has not only deprived 
the great mass of the people of the direct benefits of 
electrical science, but it has made much of what little has 
been done indistinguishable to the investor from local 
government loans for drainage, refuse destructors, slaughter- 
houses, and other purposes most necessary іп themselves, 
but somewhat in the back-yard of civilisation. 

It may be replied that Sunderland, for instance, has 
just declared a profit out of its municipal tramways, but 
what advantage has this been to any one? The fares have 
been substantially the same as would have been charged 
by private enterprise or the amount would not have been 
earned. "The local rates we may be sure will not go down, 
and if they are a trifle lower than they otherwise would 
have been, those to benefit most will be the railway com- 
pany and other large ratepayers who have contributed least 
to the tramway revenue. 

The banks, insurance companies, and such institutions 
which provide much of the local government loan capital , 
will get their 33 per cent., and part of it may be re-invested 
in colourless loans elsewhere, but of that great encouraging 
influence towards the growth of healthy industry which I 
have imperfectly described as the cumulative investment 
"effect, there will be little or nothing. 

And the money for the purpose has been deflected 
elsewhere. The subject is a complicated one, and it may 
not be in place to follow it here, but it 1s а significant 
fact that exclusive of foreign loans the yearly increase of 
capital from this country invested abroad averages at present 
about £30,000,000. One tendency of this has been to set 
more people to work abroad instead of at home, and to 
increase the competition against home industries. 

In the interests of which class of the community the 
enactments I have referred {о were passed and have been 
administered by the various authorities, it is difhcult to say. 
They have not benefited the general public, the complaint 
made on their behalf is that they are debarred trom the 
advantages of electricity ; апа least of all have they 
benefited the working man, who finds that while the electric 
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light and comprehensive electric tramways are not for him, 
hundreds of thousands of pounds' worth of foreign-made 
plant and accessories are landed on our shores. 

The working classes have suffered in another and, 
perhaps, a more serious way from the division of the 
country under innumerable local authorities endowed with 
powers such as ] have described. The more or less 
arbitrary boundaries of these authorities derive іп some 
cases from the middle ages, they are not and cannot be 
adapted to one and all the various means by which science 
and enterprise can be brought to the aid of the general 
community, and it can be shown that in practice the system 
tends to aggravate some of the grievous social and indus- 
trial problems of our own times. 

These authorities number among them men of great 
ability апа benevolence, but their collective action 15 fre- 
quently controlled by traders, property owners, and others 
who act upon the view that the best interests of their several 
districts lie in the direction of increase of rateable value 
and of population. Add to this a large official class alive 
to the advantage of increasing the importance of its own 
environment, and there need be little wonder that each 
district shows a tendency to “cuddle up” all it can attract, 
and that there should be grave reason for our being urged 
“to get rid of that which is really a scandal to our civilisa- 
tion, the suffering which many of the working classes have 
to undergo in order to obtain even the most moderate, the 
most pitiable accommodation." 

There may be many fibres to the scandal of the housing 
of the poor, but the conditions most favourable to its growth 
are to be found in our system of local government and its 
administration. 

The future of the electrical ТА IS so interwoven 
with social questions that we cannot escape their considera- 
tion. Mr. Balfour has said, “I believe that electrical 
traction is going to play a far larger part in the solution of 
this difficulty "—the housing of the working classes—“ than 
any of the strange schemes I have analysed" ; Mr. Lough 
that * It has been agreed by everybody that the chief means 
of improving housing accommodation is to spread out the 
city and destroy congestion, and it is agreed that there is no 


way of doing this effectually except by providing better 
facilities for traffic.” 
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No one can question the advantages of improved traffic 
facilities, but if the direction morning and evening is to and 
from a congested trade centre the problem is only halí 
solved. It is to electric power distribution on a sufficiently 
comprehensive scale to adapt the country districts to manu- 
facturing purposes, in company with inter-urban connection 
by means of electric traction, that we must look for the 
greatest agency in ameliorating the conditions of the working 
classes in all their surroundings. 

It can scarcely be asked what has all this to do with 
the Institution of Electrical Engineers, for we have seen 
that the community is conscious of the backwardness of 
our work, and faced by social phenomena such as those 
to which I have referred, we are called upon to perform 
our part in counteracting them. Electrical science is ripe 
for the occasion, and it therefore appears to be our duty 
and to our interest to convince the Legislature as to the 
means it should take to enable us to carry on the services 
assigned to us. 

As some technical objection might possibly be raised 
to any action we may take in this direction, we shall find, 
on consulting the Memorandum and Articles of Association, 
which describe the scope and general organisation of the 
Institution, that (among allied objects) it was established 
"To promote the general advancement of Electrical and 
Telegraphic Science and its applications, . . ." (Sect. 3 В), 
and “To do all such other lawful things as are incidental 
or conducive to the attainment of the above objects " 
(Sect. 3 D). 

Article 53 says that “ It shall be the duty of the Council 
to adopt all due means for the advancement of the 
Institution ; to provide for properly conducting its business 
in all cases of emergency . . ."; and a preceding Article 
49 provides that “ . . . The Council may appoint Com- 
mittees chosen from their own body, and Committees for 
Special purposes consisting of Members of Council and 
Members, Associate Members, or Associates of the Institution 
and others, with such powers as the Council may prescribe." 

Thus the terms of our Constitution not only authorise 
action being taken, but they also appear to intimate the 
course to be followed in dealing with any obstacles with 
which we may have to contend, and I trust that the 
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discussion will give the Council an indication as to the 
desirability of appointing a special committee, as provided 
by Article 49, to consider what steps should be taken to 
remove the restrictions upon us, some of the effects of 
which I have endeavoured to describe. 


The'PREsIDENT : We have received a telegram from Mr. Garcke, 
Mr. Stephen Sellon, and Mr. Morse, stating that they have been 
unavoidably detained in the country. The following letter has been 
received from Mr. Vesey-Knox :— | 

Мг. УЕзЕУ-Кхох (communicated): I am sorry not о be able to avail 
myself of your kind invitation to hear Mr. Madgen's paper, which I 
have read with interest. If I might venture on a word of criticism 
it would be this :—The question seems to me to be altogether one of 
price. In the case of tramways other considerations operate ; but, so 
faf as mere electrical supply is concerned, Parliament has now in 


principle decided that any company offering economic advantages | 


shall be given an opportunity of supply, with due regard for vested 
interests. If the companies can, in fact, supply cheaply, they have now 
а wide field open to them. They can practically force local authorities 
whose Orders are hung up to take current by offering it at a cheap 
price апа without capital expenditure. Тһе real reasom why many 
people who are not prejudiced in favour of socialistic experiment 
have supported municipalisation of electric light undertakings 15 
that so many of the companies have charged such high prices for 
current. This has been a short-sighted policy, even from the point 
of view of the particular companies themselves, as, except in districts 
where people will have the best light at any price, the cost of supplying 
at a high price is much greater than that of supplying at a low price. 
With high prices you may have a big district and big works very 
irregularly employed, and the undertaking loaded by a cost in distri- 
bution mains out of all proportion to the number of consumers. But 
even more unfortunate has been the general effect upon private enter- 
prise, by depriving promoters of the really practical argument against 
the obstruction of the less enlightened local authorities. It is in some 
ways a pity that the sliding scale clauses were not applied to electric 
lighting undertakings instead of the clauses giving the Board of Trade 
power toalter the maximum price after seven ycars (s. 31 of Electric 
Lighting (Clauses) Act 1899). The case of Cork, which was not a 
favourable field, is a remarkable proof of what low prices may do. 
There a supply at an average price of under 3d. was profitable т the 
first year. At 6d. probably no profit would have been made for five years. 

The sliding scale has now been applied in the case of the Power 
Bills, and it is to be hoped that this will have the natural commercial 
effect upon the undertakings. I do not believe the public are disposed 
to look untavourably upon even “ monopolies” if they derive therefrom, 
in comparison with other districts, evident and palpable facilities ; and, 
after all, it is the public who, in the long run, control the local 
authorities. 


The 
President. 


Mr. 
Уезсу-Кпох. 


Мг. Sellon, 


498 MADGEN: ELECTRICAL POWER BILLS ОЕ 1900: [Feb. 21st, 


Мг. В. PERCY SELLON : So much of the time of our Institution is 
taken up in the discussion of subjects of a purely scientific character, 
that it is seldom—and, for my part, I think too seldom—that we have 
before us a paper of the kind which Mr. Madgen has rcad, dealing with 
Electrical Engineering questions from their political and industrial 
aspects. This paper relates to principles rather than to details, and it 
goes down to the very foundation of the issues upon which the progress 
or backwardness of electrical engineering in this country depends, and 
upon which the great majority of the members of this Institution depend 
for their livelihood. In my opinion, therefore, the paper which Mr. 
Madgen has brought forward is one of great importance ; and I think 
its interest falls under two hcads, namely, the technical problems 
attaching to these large power-distribution schemes, and the considera- 
tion of the matter from the collectivist or political point of view. 

With regard to the intrinsic merits of these schemes, Mr. Madgen 
has dealt with them at considerable length, and on page 490 һе has 
stated fully, and, I think, fairly, the arguments for and against such 
power schemes, which depend upon this root question: Is it in the 
interests of the public as а whole that there should be a few large 
stations distributing over large areas, in preference to a larger number 
of small stations distributing over smaller areas? There are problems of 
generation and distribution which I do not propose to deal with. I will 
only say, in general terms, that it appears to me that the spirit of the 
time, which makes for the consolidation of industries and trades in all 
fields, points by analogy to the economic merits of large power- 
distributing schemes as compared with small stations located in each 
town. It seems to me that it is a reproach to our Institution that we 
should be palavering and debating over the question whether or not 
these schemes are possible, while countries which were far behind us 
in industrial progress half a century ago have already proved them (о 
be desirable by such stations as those at Niagara and Messina, Rhein- 
felden in Germany, and Chevres in Switzerland, and Fiume in Italy. 
Why is it that we are at present in this backward state? I think the 
answer is, as Mr. Madgen has pointed out, because the progress of the 
electrical industry in this country has not been determined by its merits, 
but by political considerations. It is a misfortune for the electrical 
industry that its birth and its growth, up to the present, have been 
coincident with the birth and growth of the “ municipalising” idea. 
Hence it has come about that our industry has become the plaything 
of politicians and of those who аге anxious to municipalise all public 
supply in the interests of the democracy. There is no doubt, to my 
mind, that that is the real explanation of the fact that in this country we 
are quite without large distributing schemes, whilst abroad they are 
already in existence. Note the fact that this difficulty has arisen at 
every stage of the electrical industry. In the case of electric lighting, 
the Electric Lighting Acts retarded growth; then the Electric Tram- 
ways Act of 1870 was only with great difficulty amended by the passage 
of the Light Railways Acts, which late in time have given Electric 
Tramways a possibility of existence; and now these electric power 
schemes have been made the battle-ground of the two contending 
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| parties—those in favour of municipalisation and those who advocate Мг, $ оп. 
leaving the development of new industries in the hands of private 
enterprise. It is true that the Legislature has at last made a tardy 
recognition of its errors of judgment in the past, and by the passage of 
these Bills has recognised that the public interest does point to infant 
industries in their early stages being placed in the hands of private 
effort. But, I would like to point out that help has come almost too 
late. Investors, who, after all, supply the sinews by which these 
schemes are rendered possible, have grown to look askance at electrical 
enterprise. Parliament has bandied about electrical enterprise, has 
pursucd such a vague policy, has imposed so many regulations upon 
electrical schemes, and local authorities have been so largely pandered 
to, that it is very small wonder that the investor can now with the very 
greatest difficulty be. persuaded to believe that there is for him com- 
mercial advantage in embarking upon electrical enterprise, We often 
hear it said by politicians and others that we shall “muddle through 
somehow.” Well, we may mismanage a war, we may have mismanaged 
many questions in the past, and the country has “ muddled through ” 
because those wars and those enterprises were conducted under con- 
ditions where this country had either the superior power of the purse 
behind it, or armaments, or some factor, which enabled it in the end to 
overwhelm its enemies. But in electrical enterprise that is not the case. 
Our great rivals in America, in Germany, in Switzerland, have all the 
advantages—material, financial, апа technical—that we possess ; and 
therefore the theory of leaving these things to “muddle themselves 
out,” rather than handling them by concerted and associated action, is 
one that must be dismissed with regard to the electrical industry. 
What is the cure for this state of things? The roots of the trouble 
lie so «сер in political and other considerations that we cannot in this 
Institution survey the whole field over which they are spread. The 
‘practical question for us is, What can this Institution do in its own ' 
sphere to add its quota towards the removal of the disabilities from 
which the industry is suffering? Тһе answer to that lies in the 
suggestion that Mr. Madgen has thrown out. I know that we, as an 
Institution, are rightly on our guard against taking any action which 
may appear to benefit one class of our members at the expense of 
any other class.” But where the interests of electrical engineering as a 
whole are at stake, I contend that this Institution should take a more 
active part in the support of those associations and individuals who are 
engaged in the struggle to better the conditions under which we work. 
I believe that that can be done. We know that there are legislative 
questions now before the Board of Trade and other State Departments 
which are menacing the development of the electric traction industry, 
of these power-distribution schemes, and of electric lighting. I hope 
that the reception which members will give to this paper will strengthen 
the hands of the Council by enabling it to feel that the whole body of 
members is behind it in lending the weight and the authority of this 
Institution to the support of remedial measures calculated to remove 
the disabilities under which our industry is labouring. 
Мг. J. S. Каховтн: The very important paper which Mr. Madgen мг.нахопь. 


Мү. 
Raworth. 
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Ф 
has brought before us covers such ап enormous number of side issues 


that I shall confine myself entirely to a consideration of two questions, 
Are we behind the position we ought to have achieved ? and, What 
are the causes that have brought about this lagging? In a meeting 
like this, which generally devotes itself to scientific questions, there 
must be many present who, as it were, never get away from their 
calculations, who fail to take a broad view of the industry at large. 
They see that everybody around them is busy, and therefore they think 
that the industry is in the flourishing position in which it ought to be. 
Now, let me compare our position in electric light engineering, not 
with the position in America and on the Continent, where the condi- 
tions mav be different, but with that of the gas companies, which draw 
their customers from the same class of people as that which furnishes 
ours. Our position at the present moment is this (I am now com- 
paring the figures of 1898, which are the only figures available for 
comparison): The total revenue of all electric light and electric 
power companies in the United Kingdom of Great Britain and 
Ireland amounts to 41,606,000 per annum. But it is astonishing to 
note that the increase іп the revenue of the gas companies in the two 
years from 1896 to 1898 exceeded the sum total of all our revenue ; 
that is to say, it increased from 19 millions to 21 millions, making 
а total increase in revenue of £1,611,000. I ask you to realise that 
in the face of all the electric lighting stations which have been started 
throughout England, the gas companies have been able to add one 
million and a half pounds to their revenue. Further, the profit 
which the three large gas companies in London derive from the supply 
of gas is £1,655,000 a year, that profit being greater than the total 
revenue of the electric lighting companies in Great Britain and Ireland. 
With those figures before them, who could say that our industry has 
not been choked? We have been working at it as hard as we could 
in supplving electric light for twenty years, and yet we have not 
gained more than £1,606,000. Some may say that we have been 
putting down stations as fast as possible. Тһе result is, we have 198 
stations working to-day, and the gas companies have 661, showing 
that they are still a long way ahead in numbers as well as in the 
breadth of their operations and their power of collecting moncy. 
Now, I have no great antipathy to the idea of municipal trading; I 
do not object to the municipality trading, because they bring com- 
petition into our ficld of operations; and I do not object to the 
ratepayers taking the risk upon their shoulders if they are content to 
do it. My objection to municipal trading is based upon the ground, 
which I explained at great length two years ago, that they do not 
manage the business as well as the companies do. І say that, in that 
great industry of gas, which was based upon the principle of регіссі 
equality between the company and the municipality, there was по 
advantage to the municipality which the company did not also have, 
and the companies beat the corporations entirely, and supplied a better 
article at a lower price. It was only when we came to tramways and 
electric lighting that the new principle was introduced of giving an 
advantage to the corporation as against the company. Апа 1 contend 
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that, if those advantages on behalf of the corporations were taken away, 
we should no longer have cause for fear, because the municipalities 
would not choose to go into the field where there was free trade. It 
is the special provisions of those two or three Acts of Parliament that 
bring about the great mischief from which we suffer at present. As 
General Webber might have told vou had he been here, between 1882 
and 1888 it was impossible for any electric lighting stations to be 
started, because the capital could not be got. Then the period for 
purchase was extended to forty-two years, and so we now get the 
capital, but only with very great difficulty. Further, the difficulty is 
increased by the violent opposition of corporations to the granting of 
an Order on fair terms. If it be urged that there are a great number 
of gentlemen ready to come into the business, to put their money into 
it, and take the risk of electric supply, it must further be considered 
what a large amount of capital they have to spend in overcoming the 
opposition of local authorities. It was said by Mr. Vesey-Knox that if 
people are prepared to supply at a cheap rate they can get permission 
to supply over a very large district. Let them try to do it, and they 
will tind they have to spend weeks in the rooms of the House of 
Commons arguing the point ad nauscam with people who only want 
to kcep them out ; and an enormous sum of moncy is spent often without 
any success or reward at all. Those are the obstacles put in our way 
„Бу the Legislature, and if those were removed and we were put on 
equal terms, we should have no more trouble with municipalities. 
Mr. SwINTON : I agree with Mr. Sellon, that this is a subject of very 
great importance ; it is a pity that we do not more often have discus- 
sions upon subjects of this description here. It is true that this is a 
scientific Institution, but it is no use having discussions upon, for 
instance, dielectric losses in cables, if we have no cables in which 
dielectric loss can occur. Mr. Madgen has stated in his paper the chief 
reasons for the backwardness of the electrical industry in this country. 
Up to a very short time ago—I do not think it is so now—if such 
reasons were adduced for the backwardness of this country, there was 
always a certain class of persons who denied that those were the real 
reasons, averring that the true reason was the speculation that took 
place in electric businesses aboutthe year 1882. I do notthink that the 
British investor has such a long memory that it takes him back to the 
усаг 1882; the usual cycle of meinorv of the ordinary Stock Exchange 
investor is very much shorter than that. There is no doubt that the 
primary reasons for our backwardness in electrical matters іп this 
country are traceable to the Tramway. Acts and the two Electric Light- 
ing Acts, and, I must add, to the administration of those Acts by the 
Board of Trade. Mr. Madgen has stated in his paper that the Board of 
Trade 15 curiously named, and somewhat curiously constituted. I have 
personally been at some pains recently to inquire into the constitution 
of the Board of Trade, and I have had great difficulty іп finding ош 
anything about it. In any ordinary book of reference, under the 
heading of “ Board of Trade,” there are mentioned the President, the 
Secretary, and various sub-secretaries, but there is no reference to any 
Board at all. I have pursued my investigations, and find that the Board 
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of Trade has been in existence for some centuries, that it has led a very 
chequered career, having been several times entirely suppressed, but 
that, as at present constituted, it consists of a Committee of the Privy 
Council, formed of various high officers of State, and includes, ех officio, 
the Archbishop of Canterbury ! I need scarcely say that the Board of 
Trade appears to be but seldom called together, and in fact exists 
merely in name. Now, I think that that really goes to some extent to 
the root of the matter. At one period in the history of the country the 
Board really existed, апа probably was of some considerable impor- 
tance ; for I find that Oliver Cromwell, who did much to increase the 
power of this country both abroad and at home, appointed on the Board 
of Trade twenty merchants of the City of London. If something of 
that kind could now be done towards constituting a Board of Trade 
which would be truly representative of the industries of this country, 
and which would guide the President and Secretaries, it would be a 
verv good thing. 

To pass to another question: it must be evident to any one who 
thinks about the matter that putting any new industry into the hands 
of bodies like municipalities must necessarily lead to that particular 
business proceeding very slowly. Municipalities employ the ratepayers 
money. They must not speculate ; they can only take up businesses the 
success of which is absolutely assured. Atthe beginning of all new enter- 
prises there is necessarily a speculative period, and, if enterprises of 
that description are entrusted to municipalities, they must necessarily 
wait until other people have shown the way. That is what has 
happened in this country, and it is, I think, one of {һе objections that 
goes to the root of all municipalisation. Private enterprise is the only 
legitimate way of trying new things. Even if, as I do not believe is the 
case, the result is that, in any particular town the municipality can supply 
electric energy more cheaply than can private enterprise, that mav beto 
the advantage of the particular inhabitants, but owing to the fact that 
it throws things back it cannot be to the advantage of the country. If, 
in the early days of railways, this country had been content to wait 
until other countries had made railways, I have no doubt that ours 
would have been constructed very much more economically than they 
were, and very likely we should now be able to travel more cheaply. 
But the country would have been vastly the poorcr. This country 
was the pioneer in railways; it made railways all over the Continent, 
and I am quite convinced that the amount of profit that was made and 
the capital value of all that advantage, has been very much greater 
than would pay ten times over any excess in fares that perhaps we pay 
to-day for travelling. 

Previous speakers have alluded to the fact that, at the present 
moment, it is not easy to raise money for electrical industries. Again, I 
think the reason is largely the fact that the greater portion of the 
electrical business in this country is in the hands of municipalities. In 
nearly all our large towns, except London, the electrical business 
(lighting, power, and tramways—or at any rate the lighting and power) 
—is in the hands of municipalities. Any one wishing to raise money 
for some electrical undertaking in the country finds that the people 
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will not look at London; they say it is an exceptional place, and cannot 
be compared with their town. But, leaving London out of account, 
there is no place, or at most but few places, that can be pointed to 
where large profits are being made, because it is all in the hands of 
municipalities, and the municipalities do not pretend to make profits. 
As showing an instance of that, I may mention Newcastle, which is 
a fairly large town, and іп which there are two private companies, 
both of them very prosperous. It is noteworthy that the electric supply 
undertakings in two other towns, Scarborough and Cambridge, are 
almost entirely capitalised from Newcastle—at least two-thirds of the 
capital comes from there—the reason being that the people in. New- 
castle who had put money into electric light undertakings had found 
it very profitable, and were ready to invest in electric enterprises 
elsewhere. Hence it may be argued that, supposing the electric light 
of Edinburgh, Glasgow, Liverpool, Manchester, and all the large towns, 
instead of being in thc hands of municipalities was run by well managed 
companies, all paying their 10 or 15 per cent, there would be no 
difficulty in getting any amount of money for electrical enterprise. 
I think that one of the things required is that some body of persons 
representing the electrical industry should assert themselves. I have a 
verv high opinion of Government permanent officials, but they take the 
line of least resistance to a large extent, and if they are entirely pushed 
one wav they will go that way. At the present moment the pushing is 
nearly all done on one side, namely, the municipal side, by the Associa- 
tion of Municipal Corporations, and bodies of that kind ; and what is 
wanted is that some body should push the other way, and I think that 
this Institution might do this toa certain extent. Of course this Institu- 
tion is primarily scientific. Very likely the Institution of Civil Engineers 
have never done exactly what I think this Institution ought to do ; but 
then circumstances alter cases, and exceptional circumstances require 
exceptional remedies. 

Mr. LL. ATHERLEY JONES, М.Р. : I must confess I came here with 
the idea that I should simply have to perform the agreeable duty of 
listening to the observations of gentlemen more competent than I am 
to express an opinion upon the subject-matter of Mr. Madgen's paper. 
But perhaps there was some solicitude that, inasmuch as an attack had 
been made— perhaps not an unmerited attack—upon the Institution of 
which I am a member, it would only be a graceful act to call upon me 
to say а few words іп its defence. I frankly admit that Parliament has 
been, perhaps, remiss in the efforts which it might have successfully 
made to encourage and develop the great electrical enterprise, whether 
bv wav of traction or whether by way of lighting, which has had such 
marked success in other countries, but which in this country, through 
Causes which have bcen lucidly traced by Mr. Madgen, have not met 
with corresponding success. But we are probably all agreed that, 
within the last few years, at any rate, there has been а growing con- 
ception on the part of Parliament that the interests of the community 
сап perhaps be better served by adverting to the dictates of private 
enterprise, rather than the narrow and somewhat insular interests 
of municipalities, I am far, indeed, from saying one word which would 
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reflect upon our municipal government. We owe the creation of that 
public spirit which finds its best demonstration in private enterprise, to 
the encouragement of the growth of that free spirit which exists in our 
municipal government. But at the same time we have perhaps coddled 
our municipalities a little too much. We have recognised by recent 
legislation that the chess-board system—if I may use the expression—of 
local government is not that which, in certain directions, is best suited 
to serve the public benefit. And therefore, instead of taking some 
small municipality as the unit for the purpose of local government, you 
have ignored that small municipality, and have merged your scheme 
of local government in the larger unit of the county. That has been 
done in various matters of local government, but it has not been done 
in respect of electrical enterprise, be it lighting or be it traction. 
Therefore it is we find that one of the greatest hindrances, probably, to 
the development of electrical enterprise, in traction or in lighting, has 
been the veto which can be exercised by local authorities over the 
private enterpriser. That, I think, will be removed. I think that 
Parliament, in passing the Power Bill in the last session for the county 
of Durhanmrand for a certain portion of South Wales, recognised that 
the will of the municipality was not to override the necessities of the 
public at large. Because, if I remember aright, that Bill, or- one oí 
them, met with very considerable opposition from municipal authorities ; 
and I understand that similar Bills in this coming session of Parliament 
аге likely to meet with similar opposition. 

There is one other topic of Mr. Madgen's paper which struck 
me very forcibly, and that was where he advocated the desirability 
of developing and encouraging electrical enterprise in the interests of 
the huge masses of our population aggregated in labour districts. I 
believe, and I think that that is the opinion even of that much-abused 
body, the Board of Trade—whatever the Board of Trade may be—that 
it is desirable that facilities should be afforded, to what length perhaps 
it is difficult at present to say, for tramway companies and light 
railway companies to construct, under more favourable conditions 
than at present, means of transit from the centres of industry 
to those more distant places in which alone cheap habitation can be 
obtained. And if the present President of the Board of Trade devotes 
hisattention in this session of Parliament to making successful the Light 
Railway Act, which is to some extent, I believe, to supersede the 
present Light Railway Act, and which might perhaps reasonably super- 
sede in some respects the Tramway Act—that will lead in no small 
measure to the development of electrical enterprise in this country. 

I will only say it has been a great pleasure to me to listen to the 
interesting observations which have been made. I suppose I may be 
permitted to say I have been, able to induce the Board of Trade to 
reccive a deputation to discuss the precise scope and direction of the 
new Tramway Act, and that these matters which have been dealt with 
so ably by Mr. Madgen will undoubtedly be laid before the Board, and 
I hope will bring forth good fruit. 

Professor SILVANUS THOMPSON : We areall indebted to Mr. Madgen 
for having brought before us this topic, for I doubt if a more important 
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subject could have been brought before this Institution at the present 
timc. It is really a national question—this matter of being able to 
supply power cheaply to our industries. And I would like to point out 
that there are one or two small, comparatively simple, matters, in which 
it is desirable that we should have our minds quite clear. It is some- 
times urged against us when we advocate the establishment of these 
large power-stations, and when we adduce, as practical reasons why 
thev should be encouraged, those large power-stations on the continent 
of Europe and in North America, that those stations are almost all 
without exception water-power stations. They say, * You have no 
waterfalls іп England worth having, and you do not know anything 
whatever about working power-stations except those which have water 
as the natural source of supply." I do not admit the argument. In the 
first place, if there is a waterfall that is not yet taken for power pur- 
poses, that waterfall belongs to somebody, and that somebody will want 
his price for it so soon as it is known that the power of the waterfall is 
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worth money. Whoever wants to take that waterfall for water-power ' 


purposes will have to pay for it; and the price which he will have to 
pay is that which he would have to pav to run in some other way 
the works which are going to be run. That is the factor which sets the 
price. You do not get water-power for nothing, although Nature pro- 
vides you with the water falling over the precipice. We have in this 
country, as everybody knows, cheap coal; coal which Nature also 
provides free of cost, but which belongs to somebody, and which costs 
us money for digging up. The economic problem is not coal г. water- 
power, but how to make use of the natural source of power which we 
have, whether it be coal or whether it be water. The engineering may 
be different, but the economic problem is really preciscly the same. 
And the асагег the power is, as Мг. Madgen has well remarked, in 
itself, the more there is to be gained by distributing that power as 
cconomically as possible. So that if it be true that power costs us more 
by being generated from coal than by being generated from water 
flowing over a precipice, it is all the more necessary then that we 
should have an economical system of transmitting it and distributing it. 

Another practical point is, that we want information, and I will ask 
Mr. Madgen in his reply to give it. Where are there (I know of some) 
large stations worked by coal as distinct from large stations worked by 
water ? Ido not ask, Where are coal-stations for the purpose of sending 
power to a long distance? That is not the question. But, Where are 
there large stations economically transmitting electric current to the 
district round them for any purpose whatever? We want to know 
the figures for large coal-stations in comparison with those of the 
watcr-power stations when we have to talk to the people who аге 
impervious to the argument that water-power cannot be got for 
nothing. Then another thing we want to know із, What is the 
proper basis for reckoning out the suitable size of unit for a big 
powcr-station? Of course I know that no one answer can be given: 
t depends on local conditions. But when we are told that a muni- 
cipality intends to supply power as well as light, and that then 
because it has a station big enough for 1,000 H.P. it will therefore 
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be able to compete economically with one of those large power- 
schemes which has a big central-station a few miles away, we want 
to know, and have the facts for it, Where is the size of station at 
which it becomes no longer economical to make it larger, where it 
would pay better to put a second one up at some other convenient 
place on another coal-mine a few miles away ? Unquestionably facts 
can be got at, but they have never been stated, so far as I know, in a 
compact, concise, or useful manner, that could be used effectively for 
the purpose of convincing those who do not understand what the real 
problem 15. Is it truc, for example, that when you get a station up to 
the size, as I have been told—I do not accept the figure—of 10,000 Н.Р. 
it does not pay to go on to make it up to 20,000 H.P., and that you had 
better put up a second station alittle way ой? You know that directly 
you double the station by dividing it into two at a distance apart, certain 
expenses are doubled, which would not be doubled if the station re- 
mained as one large station. I need not go into the details of it, but it 
is obvious that there must be additional expenses whenever you break 
ground in a new place. Is there, or is there not, a limit of size beyond 
which the increased output will no longer produce a cheaper output ? 
Our municipalities up and down the country sometimes use rather 
curious arguments. One that I have heard used, rather effectivelv, 
against a big power-station coming into that municipality was that, 
seeing that they were makers of their own gas, they had a very large 
quantity of coke, which they sold every усаг, and on the sale of their 
coke at a cheap price they made profits, and that no power-station 
twenty miles away could possibly dig up fuel for itself which would 
be cheaper than the spare coke which they themselves produced. О! 
course, the obvious answer to that is that that municipality is making 
huge profits out of the gas that it sells ; it is not selling that gas nearly as 
cheap as it might do, but it is taxing the community for the gas over 
which it holds a monopoly, and throwing away, or selling very cheaply, 
a waste product, that need not be in that sense a waste product. Тһе 
economic unit of size for electric supply must clearly depend upon 
very different conditions from those which determine the economic 
unit of size of area supply for gas, or water, or milk, or other things. 
Take, for example, the case of water supply. In old days we had 
the parish. pump, and then we had the village cistern, the village 
reservoir; then we had the town supply. Now look at what all 
the large municipalities in this country are doing in the way oí 
providing themselves with immense water supplies from outside their 
own arca. The same kind of progress, as social conditions change, 
is produced in other things beside water-supply. Last autumn, 
at the time of the British Association meeting at Bradford, I was 
inquiring into some of the conditions which affected, or would affect, 
the supplying of power in Bradford, and one that is not to be despised 
in considering the question of area is this: In the town of Bradford 
practically the whole of the industries that require power are textile 
industries, and all the mills practically begin work and leave off work 
at the same time. Any one who knows anything about electrical 
supply companies knows that that is not the most favourable condition 
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for the supply of electricity ; for you get a load-factor which is unde- 
sirable, as in the case of lighting, when all the light comes on or goes 
off at the same time. It is really much better to have a consuming 
element which takes power from the station for a variety of industries 
which do not all start off at the same time, or stop at the same time. 
Therefore, in determining the area which would be economical for the 
supply of electric power, it is inadvisable to confine that area to 
a place where the industries are all of one kind. It would obviously be 
more economical to include other ‘towns with the town that had one 
industry—other towns which had other industries which do not want 
the supply at precisely the same time, because every one knows that 
what will fill up the gaps in the electric light load between the demand 
of one consumer and that of another, is all to the good of that electric 
lighting station, and improves its load-factor. When we compare the 
state of things in Italy, for example—a relatively poor country, a country 
very far behind in many ways—and see how, in Italy, station after station 
has been built, each station with very large generating machinery dis- 
tributing power over wide areas, one feels perfectly ashamed of what is 
going on in our own country. I found in Bradford a firm which sup- 
ples power-looms to the textile industries of Lombardy, and had 
supplied some thousands of looms quite recently, within the last year 
or two, every loom being fitted up with an electric motor, I believe in 
ninety-nine cases out of the hundred with a three-phase motor on thc 
end of that loom. They were supplied from Bradford, the very centre 
of our English textile industry, yet the same firm has not supplied а 
single loom fitted up with an electric motor for this country! It is 
most astonishing that we should be sending to Italy, to compete with 
us, looms clectrically fitted, because they have an сіссігіс supply, 
and that in Bradford there is not a single loom fitted in that way. I 
lcave you to consider why. 

W'e have been told that we are a nation of amateurs. Тһе reader 
of this paper has emphasised that point. But I do not quite agree with 
him in thinking that it is a matter to bc lightly thought of, that we do 
not put the same store on education as some other nations. If you will 
go to one of the large factories that send over machinery to this country 
from the United States you will discover that practically every man in 
that factory above the grade of fitter is a college graduate. They do not 
turn a man away there because he is a college graduate, or sneer at 
him as being unpractical. No, they welcome him, and take him in, 

and make the best of him, with the result we all know. In Germany 
and in Switzerland one knows that throughout the factory, in every 
department, you will find as managers of the different branches men 
who have received the highest scientific and technical training. It is 
brains really against which we have to fight, alike in the case of the 
German, the Swiss, and American competition in these matters. They 
do not leave things to be “ muddled out.” They do not leave them to 
be done іп an amateurish way. They think it out beforehand, and 
they take the best-trained brains and make the most use of them. 

One argument that I have found very effective in talking to the people 
who think that a little electric light station can supply power in each 
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little town up and down the country without апу big power-scheme, is 
this: See what has happened in London. In London we began with 
our Vestries and Companies putting down little stations here and there, 
one in each of our parishes.  Gradually these things are coming 
right, and are being altered. We are finding that a central station is 
an absurdity, that no station ought to be central, that all ought to be 
out of the centre, that they ought to be outside ; that we ought not to 
have to be carting coals into the middle of a great population, and 
carting ashes out again ; that the economical place to put the station is 
outside, and that a few large stations outside are paying better than a 
great many little stations each in its own district. When you point 
out that, then the doubter begins to see that a large supply station 
serving a large area is really a much more economical thing than a 
number of little stations dotted down in the different towns. 

May I conclude with a parable? Walk down Aldgate, and you vill 
see the pump, the famous Aldgate pump, surviving to this day, and 
reminding us of thc time when each little bit of a parish had its own 
water-supply. Тһе time is not far distant when any Vestry Electric 
Station, or any petty little town station, will be looked upon as just as 
absurd for the purpose of a big power-supply to the industries that want 
mechanical power cheap, as the Aldgate pump is for supplving water 
to London. 

'The PRESIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 


Метбек: 
Montague Brown Mountain. 


Associate Members: 


Henry William Clothier. John Frederick Nielson. 

Matthew Сізуегіпр Coates. Arthur Peckett. 

Henry William Wartnaby Dix. Herbert William Sprunt. 

Alfred Ernest Kennard. Noel Statham. 

David Henry Kennedy. John Erskine Meysey Stewart. 

Frederick Joseph Arundel Mat- | John William Towle. 
thews. Charles Tuson. 

John McLellan. Henry Dewar Wight. 
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Harold John Bullock. Colin Campbell Macmillan. 

Frederick Thomas Callis. Stephen George Martin. 

Charles James Carter. William Odgers. 

Charles Henry de Russett. John Edmund Pownall. 

Arthur William Fithian. William Pummell. 

'Thomas Gemmel. Bernard Rance. 

Thomas John Grainger. Frederick Rawlings. 

John Angus Hay. Maurice Hugh Reynolds. 

Colin Bell Heaviside. Lionel Inglis Robinson. 

Mukand Lal. Edward Alexander Savage. 


Donald Macdougal Macbean. Walter Simpson. 
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The Three Hundred and Fifty-Ninth Ordinary General 
Meeting of the Institution. was held at the Institu- 
tion of Civil Engineers, Great George Street, West- 
minster, оп Thursday evening, February 28, 1001. 
—Professor JOHN PERRY, F.R.S., President, in the 
Chair. | 


The minutes of the Ordinary General Meeting held оп 
February 21st, 1901, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that the 
list should be suspended. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Members— 
Michael Birt Field. 


From the class of Associates to that of Associate 


Members— 
Albert W. Makovski. 


G. С. Е. Székàcs. 


Donations to the Building Fund were announced as 
having been received since the last meeting from А. D. 
Williamson, H. B. Graham, C. Poulsen, A. H. Unwin, 
|. W. Manley, and Captain R. Willis ; and to the Benevolent 
Fund from C. |. Carter, R. J. Wallis Jones, and Captain К. 
Willis, to whom the thanks of the meeting were duly 
accorded. 


Mr. H. W. K. Irvine and Mr. R. P. Brousson were 
appointed Scrutineers of the ballot for the election of new 
members. 


Professor W. E. AYRTON : l rise to propose no ordinary 
vote of condolence. For in expressing in conventional 
form the sincere regret which this Institution feels in the 
death of the Chairman of its Dublin Local Section, I desire 
rather to give voice to our deep grief and sorrow at the loss 
of the dear friend of many, and the willing helper of us all. 
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To some of you, perhaps, Fitzgerald was but a name, and 
Why? Because his life's work was that of inspiration— 
inspiring others. Не gave them his ideas, ave, he even 
explained to them the real meaning of their own. Science 
(0 Fitzgerald was what religion is to the highest type of 
ptiest—not a thing to be used to enhance the status or the 
Wealth of its exponent, but as a great good to be poured 
lorth without stint and without reference to reward or even 
recognition, for the benefit of man and of the world. 
Singularly free of all human ambition, singularly fertile in 
Suggestion on all subjects, was our dead comrade. He 
knew his worth, but never claimed it. He knew his power, 


Yet, whene'er he used it, it was for you, for me, for 


science, (0 secure intellectual liberty, but never to secure 
Position for Fitzgerald. Апа yet for him abstruse 
mathematics had no difficulty, complex physical processes 
no obscurity, He seemed to be able to follow the inter- 
action of invisible molecules more easily than we can grasp 
the Working of visible machines. This morning I was 
looking at two letters from him, one which reached me the 
“еу day that Mr. Duddell read his paper in this room in 
ecember, and the other a few days later. Every line 
breathes Suggestion, encouragement, criticism, modification. 
Why, those two letters are a little treatise on the theory and 
the Possibility of Mr. Duddell’s devices. Single-minded, 
тақ he died as he lived, respected, honoured, 
ved, 

ai 118] C. E. WEBBER: І cannot pretend to follow 
Prof А eloquent discourse as you have just heard from 
in p Ayrton, but I would say that there is а feature 
geral 3 ОП with. our dear late friend, Professor Fitz- 
bn. regards what produced that man, which is of 
1. Although heredity may not be strictly 
Fitzger р It is a subject which attracts us all. Professor 
who ad Could trace his ancestry back to the Normans 
' Starting from Scandinavia, conquered Normandy, 
taly, conquered England, and finally conquered 
Which w еге can be little doubt that the brain work 
that have just heard described, emanated from tissue 
through Strengthened and was brought down to him 
not only s nerations of strong and powerful men. But 
" Was he strong. He was essentially a man who 
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was entitled to be called gentle. Gentlemen, I beg to 
second the motion which will be read to you by Professor 
Ayrton. 

Professor SILVANUS THOMPSON : I wish to add my voice 
to that of Professor Ayrton and General Webber in 
expressing condolence with the loss of one who was so dear 
to us personally, and so very helpful to every worker in 
science who had the good fortune to know him, however 
slightly. Not very long ago I was talking with some of 
the scientific men of Germany, and they were deploring 
that they did not, or could not, do in Germany that which 
is done so very effectively іп England by the combined 
efforts of scientific men working together in Committees. 
They instanced the Committees of our British. Association 
as examples of the voluntary associations which did from 
time to time excellent work, carrying that work on in 
continuity from year to year in a way which did not 
happen in Germany, where the only combined kind of 
effort was that which was done under the patronage either 
of the Government or of one of the Universities, and 
mostly by paid workers. Among the members of the 
British Association, whose help on Committees of that 
kind when organising scientific work to be carried out 
during the course of a year, if there was one more helpful 
than another it was Fitzgerald. We ought not to forget 
what a very important part Fitzgerald’s ideas played in the 
early development of the question of the production of 
electric waves. Before the researches of Hertz, which 
resulted in the experimental methods of exploring electric 
waves, Fitzgerald had read at least two papers before 
Sections of the British Association, suggesting ways in 
which such waves might actually be started; in fact, 
suggesting beforehand that which Hertz accomplished, and 
predicting for us the generation of these waves on the 
lines of Maxwell’s investigation. I believe І am right in 
saying also that one of the suggestions for a coherer for 
detecting waves, if not actually the first, was made by 
Fitzgerald himself. In thousands of ways did he help 
others to carry out ideas, and gave them ideas to carry 
out; ideas which he could very well have carried out 
himself. But his mind was so fertile that he could not 
possibly, even had he had the time at his disposal, have 
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carried out one-twentieth part of the brilliant suggestions 
that he gave freely to others and to the scientific world. 
He was a man who was to a certain extent overloaded with 
administrative апа educational work that ought never to 
have been put upon him. He ought to have had freedom 
lor research, and ample means for carrying out re- 
searches. Whatever he did he touched with the finger of 
genius. "There are few of us who may claim in any sense 
of the word to have been workers in phvsics in the last 
hfteen years, who do not feel a debt to Professor Fitzgerald. 
І had the good fortune to be associated with him very 
closely during the last three years in quite a different 
branch, namely, as co-examiner with him in the University 
of London. And even in the routine work of examining 
candidates for their degree in physics, Fitzgerald was as 
fertile in suggestion, as kindly, as helpful, as any man could 
possibly have been. А truer or better colleague in that 
capacity one could not have desired. I remember very well 
Indeed being struck with the pains with which he read 
through, and referred in detail to, and made careful 
Investigations himself about, the theses which were 
presented for the Doctorate of Science by candidates in 
physics. It was characteristic of the man that when sitting 
as critic upon a work presented as a thesis for examination, 
he should act as helpful critic, and as a man of useful 
suggestion. There are few men іп this world like Fitz- 
gerald : there are few indeed who can claim the ability in 
any walk of life which Fitzgerald exercised in the highest 
branches of physics: there are few who equalled him, 
none whom I ever met who surpassed him, in kindly 
helpfulness to others. 

The PRESIDENT: At the inaugural meeting of the 
Birmingham Local Section of this Institution last night, I 
said what I have to say to the Institution on this subject. 
It will be printed, I hope, in the Journal. I should have 
gone to Dublin on Tuesday for personal reasons, but I went 
to Dublin as representing the Institution at the funeral. It 
only remains for me to read Professor's Ayrton's motion to 
the meeting :— 

“That the Institution of Electrical Engineers, in full 
Meeting, desires to express its profound sorrow at the death 
of Professor George Francis Fitzgerald, and to place on 
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record its high appreciation of his brilliant qualities as a 
man, as an investigator, and as a leader of scientific thought 
and to express to Mrs. Fitzgerald and his family their heart- 
felt sympathy under the calamity which has fallen on them 
and on Science." 

The resolution was carried in silence, all present 
standing. 


The PRESIDENT: I will now call upon Mr. Hammond to resume 
the discussion on Mr. Madgen's paper. 

Mr. К. Наммохр: During the discussion on the Power Bills last 
session, before Sir James Kitson's Committee, some vitally interesting 
engineering questions arose in connection with the generation of 
electrical energy at centres, and the distribution of that energy over 
large areas. Those questions still await discussion and decision. 1 
have made a note of one or two of them. What is the limit of distance 
from the generating works of supply to consumers, beyond which the 
extra costs of distribution counter-balance the advantages of concentra- 
tion of plant ? What is the limit of kilowatts installed in a central station, 
beyond which economy of centralisation of plant ceases? That question 
arose on more than опе of the Bills, and there was a very great dif- 
ference of opinion with regard to it. There were those who urged that 
beyond 5,000 kws. there was little advantage in concentration ; there 
were those who urged that beyond 10,000 kws. there was little advan- 
tage ; and there were those who urged that you might go on almost 
indefinitely, and that every time you put down plant for another 
thousand kilowatts you gained an advantage in cost of production. I 
say that that is a question which would form a very interesting one to 
discuss in this room. Thirdly: What аге the means that are going to 
be adopted in order to preserve over a large area, with various con- 
sumers, large and small, pulling at the line, uniformity of pressure so as 
to be able to give clectric light within, I will not say Board of Trade 
limits, because this paper does not like the Board of Trade, but I will 
say within efficient limits? I am sure that we all feel that when we 
take a residence in the North of London, and we are supplied from the 
Northern Metropolitan Power Company, we shall not like our light 
to be pumping up and down, and we shall certainly have a right to 
consider before we turn it on what are the means that are going to 
be adopted in order to give us just that little variation of pressure 
which we, as electrical engineers, can put up with. I mention those 
three points, each one of which I think could very seriously occupy the 
attention of this Institution. They are certainly within its direct scope, 
and I feel confident that when the engineering questions arising out of 
these Power Bills are discussed, our guests from the country will find 
this room full to overflowing. To-night we are dealing with a different 
subject. This paper has an excellent title, “Тһе Electrical Power Bills 
of 1900 : Before and After," but not one of the engineering questions 
which we, as electrical engineers, are interested in, is touched in this 
paper. Thatleaves a chance for somebody else who is interested in the 
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engineering side of the question to come up with another paper—that 
will be * The Electrical Power Bills of 1900: After," leaving out the 
"Before." "This paper, I think, may be summed up under about four 
headings, and these four points are, I conceive : (1) inthe first few pages, 
a lament, a dirge I may sav, over the fact that we in ће United Kingdom 
are terribly behind in the matter of electric lighting, fortified bv certain 
extracts written by the most irresponsible persons in most irresponsible 
daly papers; (2) an intimation that this backwardness in electric 
lighting is due to the ignorant Legislature, the foolish Board of Trade, 
and the selfish local authorities ; (3) an intimation that what we should 
do 15 to copy the German and American methods ; and (4) an appeal to 
this Institution, fortified by chapter and verse out of its Articles and 
Memorandum of Association, to form a committee in order to make the 
path of the Companv promoter at all events a little smoother. Ав far 
as I am concerned, I ат very sorry I was not at the reading of the 
Paper, because I should have liked to get in at a very carly part of it. 
I was professionally engaged clsewhere, but I understand that almost 
all the speeches were thoroughly in support of the paper. Therefore, 
[D am glad to be here to-night, to say that I distinctly dissent from those 
four propositions, though, of course, there may be more than four in 
the paper that I dissent from. I will take the first. Why are we behind 
in this country in the matter of electric lighting? The paper gives 
certain explanations. I deny the soundncss of those explanations. 
Why are we behind? Let any electrical engineer іп this room who 
has had to face а Board of Directors desiring to put their money into 
electric lighting (or unwilling, as the case may be, but anxious at all 
events to make a good investment), say why ; or let hint face a committee 
of a Town Council equally desirous of extending the town investments, 
but not wishing to make a mistake, and then give his opinion on 
the subject. What is the feature that has kept us so far backward. 
It scems to me to be the A B C of the subject. Those of us who 
һауе passed through it have always been met with опе point, and 
that is, we cannot compete with gas at 2s. a thousand fcet. That 
Was said to me by a number of capitalists in Leeds ten years ago, and 
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the result was that they delayed starting works. When I went to the | 


Corporation, and tried to persuade them, they equally dissented, 

"Cause gas at 25. a thousand feet could not be competed with, and 
over and over again in this country up to the present time the spread 
of electric light is checked by the keen competition with the cheapest 
Баз in the world. People have come back from their summer holidavs 
and told me over the dinner-table that they have been at a small village 
in Switzerland, and they have seen the electricity in the rooms of thcir 
hotel, But how is it? It is because they cannot get gas at any price. 
When 1 first went to New York I found gas costing 10s. a thousand 
fcet, and I was not surprised that Mr. Edison was doing so well 
with his electric light. Throughout America and on the Continent you 
find high prices of gas. I took my Dublin friends across last year 
to the Continent, and there was one man who would ask, “ What is the 
Price of gas?” And when he found that it was 6s. or 6s. 6d. he was 
“Пасей, The real factor іп the backwardness of electric light in this 
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country is not the factor mentioned by Mr. Madgen, but the cheap 
price of gas. Mr. Madgen says that it isall due, or almost all due, to local 
authorities. I ask you to say that that is an absolutely mistaken idea 
to nourish. Local authorities in this country, out of investments 
amounting to twenty-five million pounds, have put down fourteen 
million pounds. We owe as an Institution a great debt of gratitude to 
the local authorities in this country, for the customer who comes and puts 
fourteen out of twenty-five millions into an industry is a desirable 
customer and we, as electrical engineers, owe him a debt of gratitude. As 
for the consumers, the local authorities have shown the companies how 
electricity can be produced at alowrate. Their average rates of charge 
are far lower than those of companies. There are two undertakings in 
the country that supply at below 3d., and both are local authorities. 
There are 6 that supply between 3d. and 34d. None of them are 
companies. There are 12 that supply between 334. and 4d.—nine local 
authorities and three companies. There аге 30 that supply between 4d. 
below 4#d.—25 local authorities and 5 companies. There аге 23 supplying 
at 5d.—18 local authorities and 5 companies. If I had time I would 
carry the point further, and show, when you get above 54., how largely 
the companies exceed the price of the local authorities. Now for 
Germany. І say with regard to Germany, let us do as the Germans do. 
My work has taken me three times to Germany this year, and I have 
gonc from one central station to the other, and I will tell you what you 
are likely to see when you get there. With regard to the wonderful 
power schemes in working order mentioned by the author, you will not 
see one. You cross the frontier at Aix-la-Chapelle, and you will find 
that the works are owned by the Municipality. You stop the first night 
at Hanover. You go on to Dresden, and you put in a few hoursat 
Nuremburg. You stay at Frankfort, and then you go to Mayence—and 
in every case you find that the works are owned by the Municipality, 
Finally you stop for a night at Mannheim, and discover that there is 
there a big power scheme supplied by the Municipality. Finally, 1 
disagree with Mr. Madgen, who says that we want a committee to 
put these local authorities right, and to straighten out the Legislature. 
No, better far for some member—I will not, as I am on the Council— 
to move an amendment that a committee be formed to consider 
engineering questions connected with power supply, and to report 
to the Institution to what extent the present power schemes are likely 
to overcome them. 

Mr. S. Morse : I hoped to have spoken later in the evening, but it 
is perhaps as well that some one should at once get up to suggest to the 
last speaker that his speech was one which it would have been better to 
have left undelivered. Iregret that it was put forward by the last speaker 
that he would not, by reason of the fact that he was a member of the 
Council, move an amendment. I should have said he did not dare 
move an amendment. I know no reason whatever—and I have been a 
member of the Council myself—to prevent a member of the Council 
moving an amendment to a resolution moved by members of thc 
Institution. I should have thought that if а member of the Council 
felt a strong opinion upon any matter, it was his duty, as well as his 
privilege, to move the amendment. 
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I have had an opportunity for some vears of knowing something 
about what has been going on in these matters, and I хау without 
hesitation, or without fear of contradiction— because I do not attach 
the slightest weight to what has fallen from Mr. Hammond on the 
point—that the present position of the electrical industry of the country 
is largely due to the unreasonable difficulties put in the way of its 
progress by local authorities. I should not have discussed the matter 
irom this point of view if it had not been for the remarks made by the 
last speaker. Не has chosen to put it forward : and no one can deny 
that our backwardness is almost entirely due to those difficulties. I 
agree that Parliament also is partly responsible, but it must be known 
to members here to-night that the local authorities have gone further 
than acting merely within their own districts as regards what ought to 
be the welfare of those districts, and have entered into such an alliance 
as ought not to be permitted, and have put great pressure upon 
Members of Parliament, when matters of this sort have come before 
Parlament for discussion. I am not an electrical engineer, but I do 
know this, that it is essential for an industry of this kind that there 
should be available to every manufacturer throughout the country а 
supply of cheap power, available to him at all times of the day and 
night, at rates which will enable him to compete with his foreign 
competitor. Why is not that here to-dav? It is not because gentle- 
men have not the means at their disposal, and have not taken steps 
to obtain those powers. Every effort has been made, and what has 
been the bugbear to stop it? The local authorities. Look at what 
happened at the second reading of the Power Bills last session. 
What is the desire of engineers here? It is, I submit, that electrical 
engineering should have fair play, frec play, and that schemes should 
be discussed on their merits, If the local authorities will agree to that 
proposition, instead of private companies only having a total capital of 
If millions out of 25 millions invested in such enterprises, we shall have 
а total of more like 250 millions. I am astonished at any one in the 
position which Mr. Hammond holds saying that 14 millions spent by 
local authorities in this country is a large sum. It is an extremely small 
and insignificant sum, and one which makes the traders of this country 
ashamed of the position which they hold in the world. I do fecl very 
strongly that we are here dealing with a question of the utmost 
importance. I do trust the Institution will put forward, as the word 
which should go forth to all parties in the matter, their opinion that 
the trade should have free play. Let the traders have a right to have 
their schemes discussed upon merits, and abolish the veto which un- 
reasonably and improperly has been given to local authorities to рге- 
vent that being done. . 

Мг. С. L. ADDENBROOKE: It js rather difficult to speak at this stage 
of the discussion. After having had, I think, almost as long an experi- 
ence as any one of work on these large power schemes, I mav say I 
am very largely in agreement with Mr. Hammond, at anv rate as 
regards his facts. The only thing is, I think he has drawn the wrong 
inference from them. It must also be pointed out that Mr. Hammond 
was discussing electric lighting altogether as if electric power had only 


Mr. Adden- 
brooke. 


Mr. Аа4аеп. 
brooke. 


513 MADGEN: ELECTRICAL POWER BILLS OF 1900: (Feb. 28th, 


just come іп. But electric power has been applied on the Continent 
and in America for seven or eight years now, whereas we have practically 
done nothing in this country. We are not discussing electric lighting 
atall. I quite agree with Mr. Hammond that English electric lighting 
has had enormous obstacles to overcome; but whether the munici- 
palities have overcome it better than the companies would have done 
is another matter. I agree with Mr. Morse that if private enterprise 
had been conducted under proper regulations, which might have been 
drawn up, it would have advanced a great deal further than it has done. 
Mr. Pember told me some three years ago, that he was confident proper 
regulations, which would put private enterprise and municipal interests 
on a fair basis could be arranged. If such an Act had been passed in 
the early days instead of the Electric Lighting Act, we should have had 
far more than £25,000,000 invested in enterprise connected with electrical 
industries. Тһе way in which electrical enterprise has been trammelled 
has been shown by these Power Bills. Notwithstanding, as Mr. 
Hammond says, that they may be very speculative enterprises—as 
undoubtedly they are from many points of view—and there are 
enormous difficulties to be faced in the way of dealing with local 
authorities—yct the moment there was an opening, English capital has 
been ready to embark on the venture. I have made a rough calculation 
that by the end of this session, more than £100,000 will have been 
spent merely in the promotion of those Bills. It is perfectly true, as 
Mr. Hammond says, that you may go to Germany and Switzerland and 
find things existing as һе told you. I have made many careful inquiries 
as to thcir power schemes. When I was engaged on the Midland 
Power Scheme, I was asked to go'abroad to report on the Continental 
work which ‘would bear on it. I first of all met Mr. Kapp in Germany 
and talked the matter over with him, and afterwards, by his advice, 
went to certain places in Germany and Switzerland. І showed the 
various people the plans of what we proposed to do; I showed them to 
Messrs. Brown Boveri, and to the Oerlikon people, and said I wanted to 
carry out a project of this sort, without overhead wires, but with cables, 
and asked what they had to show me that was most like this. 1 may 
say that there was a great deal of difficulty in showing me exactly the 
same thing. It has always been my feeling from the very first that 
conditions in England are different from those on the Continent, and 
in America—that in these Power Bills we were meeting a set of local 
conditions, and a problem of our own, and that if we met that problem 
as I feel confident we are now meeting it, we should be in the front 
rank again of enterprise and in the benefit which we should confer on 
the country. Mr. Hammond, therefore, is right that this is a difficulty. 
You may see hundreds of waterfalls here and there with a local line of 
transmission ; but only at Rheinfelden and one or two other places did 
I see that kind of scheme which we are trying to work out of having 
large power stations in the centre, and a large industrial population 
round about it, That is an English proposition. It naturally follows, 
that if уоп can supply power to one portion of the circle, you сап 
supply it all round. I should have thought the proposition was 
self-evident. Mr. Hammond was right in saying that we һауе 40 
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individual problem. We ought to be proud that we have something to 
do with it. It would be a grand thing if local authorities and Parlia- 
ment would help those who are trying to place England again in а 
1004 position in the manufacturing world. With regard to the 
questions which Mr. Hammond mentioned as suitable for discussion by 
the Institution, they are of course most important questions. I have spent 
vears upon them, and my feeling about these power schemes, is that 
every опе must be considered on its own merits. They are great 
undertakings, most complicated, with varying conditions, depending 
on numberless circumstances which you cannot treat generally. АП 
you can do is to secure a body of men who have, or who ought to 
have, а knowledge of their profession, and who, in consultation say 
this ought to succeed, and who then, like Englishmen in the old days, 
put down their work and their money and tried to make the thing go. 
That isthe way in which this country has been built up, and unless 
the local authorities can see absolute detriment to themselves, or that 
the work that is to be done by the public companies is an absolute 
disadvantage to them, a free hand as far as possible should be allowed. 
We do not want monopoly. We are perfectly prepared for the local 
Authorities to set up their own electric-lighting stations and run their 
own mains into all our customers' houses if they like. I do not agree 
with everything that is done by those promoting power-schemes ; but 
(hose who have gone into the question feel confident that the principle 
on,which they are working is to a large extent right. Even if it is 
wrong, if people are willing to stake their money on it I do not think it 
I the business of anybody else to say that they shall not, if by doing 
р they confer, as undoubtedly they would, an enormous benefit on {һе 
istrict. If they choose to throw their money away on the district, 
that is their concern. 

l have travelled a great deal in the Colonies and about different 
Parts of the world, and I am certain of the wonderful development 
Which will take place due to this power work. I could tell you stories, 
if there were time, of the difficulties of transport and other matters 
Which can be got over by electric transmission. We are not permitted 
to have any opportunities of true electric transmission in this country. 
We are so hampered by conditions that any scheme carried out in this 
Country would not be anything like electrical transmission of power 
1. Parts of the world. People come from different parts of the 
ion and say they want so and so, and ask what we can do? We 
a iE that we can show them here, but are obliged to refer to 
GE merican or German account of a scheme that has been carried 
бк ie Phat is the position I have been placed in in working for 

а and Africa; and I myself have had to go to America and 

many for the materials with which to carry out the work. 

BO GARCKE : Тһе great difficulty in discussing questions of this 
experience. ано 15 to find people who have sufficient versatility of 
аас сЕ 2. а fair-minded view. I was exceedingly disappointed, 
man in а ear the speech of Mr. Hammond, because if any gentle- 
Ham 5 room has had a varied experience of this industry it is Mr. 
mond. 71 hag hoped that the very large and varied experience 
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which Mr. Hammond had gained in so many different branches of 
industry would have enabled him to give us the benefit of a fair-minded 
view of this very difficult and complex question. What did he do? 
He started off by pointing out that Mr. Madgen had offered four 
particular. reasons why this industry was more backward in this 
country than in foreign countries, апа he promised to give us an 
answer to each. It is true he only had ten minutes, but he confined 
himself to answering only the first of his propositions, апа in attempt- 
ing to answer that he offered explanations which I hold to be 
misleading to the younger members of this Institution. They were 
not so to mc, nor to Mr. Morse, nor, I am sure, were thev so to his 
fellow-members on the Council, but to a large number of students, 
the rising generation of this important industry, I think that Mr. 
Hammond might have rendered this industry and this Institution 
a higher and a better service. What did he say? He wanted us to 
understand that the Corporations had been customers of the electrical 
industry to the extent of fourteen millions, and implied that, if the 
Corporations had not expended that capital, that capital would never 
have been expended. Why should we owe any debt of gratitude to 
local authorities for that capital when, as a matter of fact, we, as 
capitalists, were prepared to spend that capital, and would have spent 
it five or six years earlier ? It is not simply the amount of capital that 
they have expended, but it is the tardy and vacillating manner т 
which they have proceeded with the work. I do not wish to enter 
upon the question of municipalisation, for and against, it is not germane 
to the discussion ; but there is one very important aspect which ought 
to be mentioned whenever the question of municipalisation is touched 
upon. And having said the few words on the subject that I have said, 
I must not sit down without saying in the most forcible language that 
I can use, that I am strongly in favour of municipal enterprise, and 
always have been. I advocate the higher development of the muni- 
cipal function. I think it is the duty of ratepayers in their collective 
capacity to do whatever they can for the promotion of the health, 
the happiness, and the material comforts of their districts, but I say it 
is not one of {һе functions of municipalities or of local government 
to cffect a transfer of the profits of trade from private companies to 
the collective capacity of local authorities. The function of the 
Government is an entirely different one. If once we ignore this, I 
may say, clementary cconomic principle of expecting the whole of 
our trading profits to be made by municipalities, and allow thc local 
authorities to become the common traders of this country, there will 
very soon be a limit to all enterprise. I repeat again, that I express 
that view in opposition to municipal trading, notwithstanding that I am 
a most ardent and consistent advocate of municipal enterprise. I hope 
I have made the distinction between those two phrases perfectly clear. 

What did Mr. Hammond say about the real reason why electric 
lighting had not developed more quickly in this country? Тһе price 
of gas I— The price of gas was so low that electricity could not compete 
with it. Are not the millions of electric lamps that have already been 
installed competing with cheap gas ? 
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Mr. HAMMOND: I meant as compared with the price: I quite 
approve of the competition. 

Mr. GARCKE: If I had the time I would undertake to refute the 
statement that gas has been any obstacle to the introduction of electric 
ight. I remember Sir William Preece saying that the electric light 

was capable of being made the poor man's light, and I have preached 
llat doctrine throughout the country, and I have heard Mr. Hammond 
do the same, and yet we are told that the low price of gas is a pre- 
tentative to the development of the electric light. I say it is a most 
misleading statement. Then another argument that Mr. Hammond 
used was, that Corporations had supplied electric light at a lower rate 
than Companies. But the whole of my argument is, that И Corpora- 
tions undertake to supply electric light at all they should do it in the 
common interests of the community, and do so, if the ratepayers wish 
it, for nothing. 

Thatis the ideal development of municipal enterprise, and therefore, 
the lower they go down in the price of electricity the better they are 
doing their work. It ison those grounds that I say municipalities are 
able to carry out many of these public services better than companies. 
But there is a period in every industry, and we have gone through it in 
the electrical industry, when local authorities are not able to take up 
the speculative risks of entering upon a new industry, and during that 
Period it has to be undertaken by private enterprise. Private enterprise 
*hould, while it undertakes these risks, be encouraged, and not, as has 

en the case in this country, discouraged by the local authorities. 
Then Mr. Hammond referred to the Continent. But he did not tell 
You how the local authorities behave in that country towards private 
enterprise, "There is absolutely no discouragement of private enter- 
Prise, notwithstanding that there is municipal enterprise. 

The paper which we are discussing is an exceedingly interesting 
Опе, and the questions which it contains as to why England is back- 
Ward in electrical industry—that it is backward I do not think there 
ч һе any possible doubt—but the reasons why it is, are due to а 
Plurality of causes, and it is very difficult indeed in the course of a few 

minutes to refer to all the social, political, and enconomical reasons 
Which go to make up the causes for the backwardness of the country. 

Professor W. Е. AYRTON: On the last occasion some of the 
Speakers prefaced their remarks by saying: “ Although this Institution 
S а scientific Society,” &c. I should start quite differently, and not say 
Penis сд but “ because this Institution is a scientific Society, there- 
doi e paper which Mr. Madgen has contributed 15 опе well worthy 
that шы СӨРЕНІ consideration." For it is a great mistake to imagine 
TE science of electrical engineering is alone concerned with 
With du equations, Or with Ohm's ог Kirschoff's law, or at the best 
of electi; s experiments in а laboratory. I take it that the science 
to all that à engineering comprises the application of correct reasoning 
But: mina рец to the professional welfare of the electrical enginecr. 
easy to ae Said the application of correct reasoning. For it is just as 

п wrongly about a Power Bill, as about the power used in 


dielectric hye 
С hysteresis, It appeared, I venture to think, that there was 
L. XXX. 04 


Mr. 
Hammond. 


Mr. Garcke. 


Professor 
Ayrton. 


“гес b A D ogle 


Мг. Garcke, 


520 МАРСЕМ: ELECTRICAL POWER BILLS OF 1900: (Feb. 28th, 


which Mr. Hammond had gained in so many different branches of 
industry would have enabled him to give us the benefit of a fair-minded 
view of this very difficult and complex question. What did he do? 
He started off by pointing out that Mr. Madgen had offered four 
particular. reasons why this industry was more backward in this 
country than in foreign countries, and he promised to give us an 
answer to each. It is true he only had ten minutes, but he confined 
himself to answering only the first of his propositions, and in attempt- 
ing to answer that he offered explanations which I hold to be 
misleading to the younger members of this Institution. They were 
not so to me, nor to Mr. Morse, nor, I am sure, were thev so to his 
fellow-members оп the Council, but to a large number of students, 
the rising generation of this important industry, I think that Mr. 
Hammond might have rendered this industry and this Institution 
a higher and a better service. What did he say? He wanted us to 
understand that the Corporations had been customers of the electrical 
industry to the extent of fourteen millions, and implied that, if the 
Corporations had not expended that capital, that capital would never 
have been expended. Why should we owe anv debt of gratitude to 
local authorities for that capital when, as a matter of fact, we, as 
capitalists, were prepared to spend that capital, and would have speut 
it five or six years earlier ? It is not simply the amount of capital that 
they have expended, but it is the tardy and vacillating manner in 
which they have proceeded with the work. I do not wish to enter 
upon the question of municipalisation, for and against, it is not germane 
to the discussion ; but there is one very important aspect which ought 
to be mentioned whenever the question of municipalisation is touched 
upon. And having said the few words on the subject that I have said, 
I must not sit down without saying in the most forcible language that 
I can use, that I am strongly in favour of municipal enterprise, and 
always have been. І advocate the higher development of the muni- 
cipal function. I think it is the duty of ratepayers in their collective 
capacity to do whatever they can for the promotion of {һе health, 
the happiness, and the material comforts of their districts, but I say it 
is not one of the functions of municipalities or of local government 
to cffect a transfer of the profits of trade from private companies to 
the collective capacity of local authorities. The function of the 
Government is an entirely different one. If once we ignore this, I 
may say, elementary economic principle of expecting the whole of 
our trading profits to be made by municipalities, and allow the local 
authorities to become the common traders of this country, there will 
very soon be a limit to all enterprise. I repeat again, that I express 
that view in opposition to municipal trading, notwithstanding that I am 
a most ardent and consistent advocate of municipal enterprise. I hope 
I have made the distinction between those two phrases perfectly clear. 
What did Mr. Hammond say about the real reason why clectric 
lighting had not developed more quickly in this country? The price 
of gas !—The price of gas was so low that electricity could not compete 
with it. Are not the millions of electric lamps that have already been 
installed competing with cheap gas? 
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Мг. Нлммохо: I meant as compared with the price: I quite 
approve of the competition. 

Мг. Garcke: И I had the time I would undertake to refute the 
‘tatement that gas has been any obstacle to the introduction of electric 
ight. I remember Sir William Preece saving that the electric light 
хаз capable of being made the poor man's light, and I have preached 
aat doctrine throughout the country, and I have heard Mr. Hammond 
9 the same, and vet we аге told that the low price of pas is а pre- 
‘entative to the development of the clectric light. I say it is a most 
Zileading statement. Then another argument that Mr. Hammond 
used was, that Corporations had supplied electric light at a lower rate 
Шап Companies. But the whole of my argument is, that if Corpora- 
tons undertake to supply electric light at all they should do it in the 
common interests of the community, and do so, if the ratepayers wish 
п, for nothing. 

That is the ideal development of municipal enterprise, and therefore, 
пе lower they go down in the price of electricity the better they are 
doing their work. It is on those grounds that I say municipalities are 
able to carry out many of these public services better than companies. 
But there is a period in every industry, and we have gone through it in 
the electrical industry, when local authorities are not able to take up 
the speculative risks of entering upon a new industry, and during that 
period it has to be undertaken by private enterprise. Private enterprise 
жоша, while it undertakes these risks, be encouraged, and not, as has 
been the case in this country, discouraged by the local authorities. 
Then Mr. Hammond referred to the Continent. But he did not tell 
уоп how the local authorities behave in that country towards private 
enterprise. There is absolutely no discouragement of private enter- 
Prise, notwithstanding that there is municipal enterprise. 

The paper which we are discussing is an exceedingly interesting 
one, and the questions which it contains as to why England is back- 
ward in electrical industry—that it is backward I do not think there 
сап be any possible doubt—but the reasons why it is, are due to a 
plurality of causes, and it is very difficult indeed in the course of а few 
minutes to refer to all the social, political, and enconomical reasons 
which go to make up the causes for the backwardness of the country. 

Professor W. E. AYRTON: On the last occasion some of the 
speakers prefaced their remarks by saying: “ Although this Institution 
ва scientific Society," &c. I should start quite differently, and not say 
"although," but “ because this Institution is a scientific Socicty, there- 
lore the paper which Mr. Madgen has contributed is one well worthy 
of our most careful consideration.” For it is a great mistake to imagine 
tat the science of electrical engineering is alone concerned with 
‘ги а or equations, or with Ohm's ог Kirschoff's law, or at the best 
*ith electrical experiments in a laboratory. I take it that the science 
of electrical engineering comprises the application of correct reasoning 
wall that appertains to the professional welfare of the electrical enginecr. 
But, mind, I said the application of correct reasoning. For it is just as 
easy to reason wrongly about a Power Bill, as about the power used in 
dielectric hysteresis. It appeared, I venture to think, that there was 
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a certain obscurity of logic characterising the eloquent speeches that 
we heard last Thursday, when it was endeavoured to be proved that 
the electric backwardness of our country arose wholly from local 
obstruction—the obstruction of local authorities. Now, I propose to 
inquire if that charge is well founded. I am not here in any sense 
as a champion of officialism, and nobody has been more anxious 
for a long time.past than I have been to see a wide development 
of electrical transmission of power. But there is no reason why, 
because the almost Utopian dream that I and others suggested in 
1879, and put twenty-two years ago before some thousands of work- 
men in Sheffield—a dream that “each workman would have electrical 
energy laid on at his hand, would have transmitted to him, just at 
the time he might require it, a small amount of energy, at say a 
halfpenny per hour per horse-power,” which he would be able to turn 
off like gas when he did not require it—has not yet been realised, that 
we should blind ourselves to the real cause of our position. Let us take 
as an example the Metropolitan Railway, some considerable portion of 
which I saw being constructed nearly forty years ago. Why are the 
trains not being run by electricity ? Is it because of some restriction 
imposed? Isnot the stagnation rather due to the lethargy of the chair- 
man and directors of a private company, the sort of company that we 
were assured last Thursday would rejuvenate Great Britain? Why, 
the Bill to sanction running the Inner Circle electrically became an 
Act of Parliament four years ago—and yet, and yet! Now take 
another example—they are endless. Going the other day through a 
large electrical engineering works, I saw being made the iron cores of 
field magnets. They were being made from cast-stecl obtained from 
Germany, and were being tooled by machinery obtained from America. 
Was that because of some restriction by some local authority ? Was it 
not because the owner of that factory in England thought, rightly or 
wrongly, that he could get better cast-steel for field magnets in 
Germanv, апа better machines to work it with in America than he 
could in his own country ? Coming to this question of distribution of 
electrical power, I ask you, Is it a fact that in those districts which 
are under the control of a Municipality electric energv is always 
dear, and in other places, where private companies rule, that it is 
cheap? Mr. Swinton asks me what that has to do with if. I will take 
an example, because examples are very valuable. А certain local 
authority wished to light its own borough electrically—a small borough. 
They got out plans for a boiler-house, engines, dynamos, etc. But 
within two and three-quarter miles of the boundary of their district a 
very large generating station was being put up bv a very important 
private company. This seemed to me a favourable opportunity to 
carry out the idea of transmission of electrical energy. So when I was 
consulted, 1 suggested to the local authority, not to lay the foundation- 
stone of a central station, but to let me arrange for them with the 
great central station, one hundred times as big as theirs could be, to 
send the electrical energy * in bulk" (as it was called) to the boundary 
of their district. The Local Authority accepted my advice, and asked 
me to carry out the negotiations ! There was no difficulty about wav- 
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leaves ; there was no difficulty of any kind ; all of us were the most 
excellent friends. I informed the private company that they might 
use any system of transmission they liked, either one, two, or three 
phase, and transmit at any pressure they wished, the only stipulation 
was that at the boundary of the district they should transform it into 
two hundred volts direct current. Only a small amount was required 
to start with—some 500 Н.Р. Still, as we only wanted it at one place, 
and the local authority was to do all the distribution and the collection 
of the bills for electric lighting, as far as the private company was 
concerned it was exactly as if the local authority was a factory requiring 
500 H.P. at one particular place. What was the result? It was not 
a question of want of legal power. The Company said that they had 
gone into the question carefully, and frankly assured me that even if 
we made a contract for ten years to take the whole supply of energy 
that the local authority might require, whatever it should grow to, they 
could not undertake to deliver it to us at the boundary of our district 
at under 34. a Board of Trade unit. Of course we replied that we 
could not take the current, because it was cheaper to cart coal into 
the district and put up a generating station. That leads me to the 
very important question of the relative cost of carting coal and trans- 
mitting the energy threugh cables. With water-power it is quite 
different. In a place where there is по coal, and there is water- 
power, vou can only transmit power, if you want to use that power, 
by the use of electrical methods or other methods, such as com- 
pressed air, or whatever you like. For it is hopeless to carry the 
water in waggons as the Great Eastern Railway brings sea-water, 
because if vou do so you leave the energy behind. But in the case of 
coal, there is another way of transmitting energy, and that is in 
waggons, I won't trouble you with figures, but I have got wholesale 
estimates, tenders, for the carriage of coal from all parts of this country 
to other parts, and speaking as an electrical engineer I am extremely 
sorry to see the prices come out so low. It seems to be a fact that it is 
cheaper to carry the coal than to transmit the energy electrically, for 
Say twenty miles, if underground cables and a maximum P.D. of 10,000 
volts are allowable. 

Mr. C. B. Cray : Гат told Гат а bold man to speak at this Institution, 
especially on a subject on which I am afraid I am not as well qualified 
to speak as most members ; but I think that the experience that has 
been obtained in one branch of the electrical profession may be worth 
recording in a meeting such as this. At the last meeting of the Institu- 
tion the position of the electrical profession with regard to legislation 
and to municipal competition and obstruction was dealt with by several 
speakers. First, with regard to Government obstructions, I should like 
to read two or three short extracts from an article which appeared in 
the Times of the 1 3th of June, 1884, and to call vour attention specially 
to the moral which is drawn by the writer at the end of this leading 
article. The Times says: “It appears . . . that the action of the Post 
Office has been so directed as to throw every possible difficulty in the 
Way of the development of the telephone and of its constant employ- 
ment by the public. We say advisedly ‘every possible ‘difficulty, 
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because the regulations under which licences have been granted to 
the telephone companies are, іп many respects, as completely pro- 
hibitorv as an absolute refusal of them. . . . It appears that the 
telephones can only be used under restrictions which are as absurd 
as they are vexatious.” And, further on, it says: “The conduct of the 
Office, although not legally dishonest, is at least morally indefensible. 
There can be no just ground for a claim to possess the telephone by 
virtue of words introduced into an Act of Parliament before the 
telephone was thought of ; and the effects of this claim are nearly as 
disastrous to the public as to the inventors and owners of the instru- 
ments. . . . It is much to be wished that Parliament could find time to 
liberate the telephone from the bonds of red tape in which it is being 
strangled, and to allow its future to be shaped by the operation of thc 
ordinary laws of political economy. In the meanwhile, and even when 
this desirable release has been effected, it will be prudent not to lose 
sight of the moral of the story. "This is, if anything, that the practical 
applications of science cannot be safely or prosperously committed to 
the hands of a Government framed upon the model of our own." Мг. 
Raworth pointed out at the last meeting that companies had nothing 
whatcver to fear from municipal competition on equal terms. I cordially 
agrec with that. I have been fighting the opposition for many years, 
and I have never yet been beaten on equal terms, and I have never 
been beaten on unequal terms—very unequal terms in many cases. 
The whole point of the matter is thus equality. I propose to show 
that the same spirit which prevailed sixteen years ago, when this 
article was written, appears to be ruling our Government now. Тһе 
history of the telephone branch of electrical engineering is a history 
of one long fight by the companies to be allowed to serve the public. 
In looking over some old papers, it seemed to me almost impossible to 
believe that at one time we were allowed to open call-offices at which 
a member of the public might go to speak to any subscriber, but one 
of the conditions on which we were allowed to do that was that we 
must charge a shilling, of which one-half was to go to the Government. 
It is needless to say what was the result of that. Then another thing 
with regard to trunk-working, communication over the trunk-wires was 
only allowed to subscribers at both ends, and then each must be a 
subscriber to the trunk-wire. For instance, taking from London to 
Brighton, a distance of about fifty miles, the charge fixed by the 
Department was £25; the subscribers in London paid £20 and the 
subscribers in Brighton £12. "Therefore, to have any useful communi- 
cation between Brighton and London, the subscribers between them 
had to pay £82—a rental of no less than ten shillings for each mile 
of wire. Then the company wanted to connect up post-offices, so 
that subscribers could forward telcgrams. Тіс Post Office, however, 
although they gave this facility to their own subscribers free, imposed 
a charge upon the company of five guineas per subscriber, which of 
course killed the business. This charge was eventually done away with, 
and for some years connection with post-offices was allowed. It has 
very recently been refused in the case of one of the London Excbanges, 
so that the subscribers are not allowed the facility on any terms. With 
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reference to the competition with the companies, Mr. Fawcett stated : 
“When that competition has gone on for some time, the Government 
would be able to judge who did the telephone business best. If it were 
done better by the private companies than by the Post Office, the 
Department would be delighted to have the whole telephone business 
of the country conducted by private enterprise. If, on the other hand, 
it was proved that the business was better done by the Government 
than by the private companies, the Government would have beaten 
the companies in the fair field of competition and they could keep the 
ground without any question of purchase arising.” I need not ask 
any one to say whether, during the fifteen or sixteen years since then, 
the company or the Government has succeeded. Г think it is pretty 
obvious. 

General WEBBER: Мау I interrupt on a point of order? The 
gentleman is speaking to something which is outside the paper that 
we аге discussing. It is painful to me to sit and listen to statements 
on the question of the telephone industry in this country, every one 
of which I think I could refute. "Therefore I ask as a point of order 
that the speaker, for whom I have the greatest respect, be asked to 
adhere to the subject of the paper. 

Mr. CLav : I think the title of the paper is а very wide one. Ц is 
" Before and After." Iam dealing with the “ Before." I submit that 
this is a case of a branch of the electric industry which is being 
hampered in a way in which it ought not to be hampered ; and I think, 
in giving you certain information which cannot be at the disposal of 
many of the members, it may be useful and borne in mind in dealing 
with a similar problem connected with other branches of the profession. 

I have told you that some years ago the Post Office allowed us 
to give our subscribers connection with the telegraph offices, so that 
they could deliver their messages. Now, within the last week or two, 
we are refused the facility for one of our exchanges. We were allowed 
lo have it on. payment of five guineas before ; we are not allowed to 
have it on any terms now. Also, the facilities which subscribers 
enjoyed, and which some of them very much appreciated, of telegrams 

ing transmitted to them, is now withdrawn from new subscribers. 
If the telephones were fully developed, surely telephones in connection 
with express messages would be a most valuable facility to everybody ; 
but the companies are, of course, restricted from doing the business. 
The Post Office undertakes to do this business itself ; but what does 
it do? It provides in London something like thirty-two places from 
Which express messages can be sent. Under those conditions it is 
absolutely hopeless. If anybody wants to send an express message, 
he has to ascertain if the address he wants is within a mile of one of 
the post-offices, With regard to the veto of municipal authorities. In 

со; the County Council has the power to allow the company to 

ae their wires underground. Some few years ago the company 
us into an agreement with the County Council, and a resolution 
бы d by the Council enabling the company to place their wires 
"xd fround. Nothing remained to be done hut to put the terms into 
mal agreement, and then the work would be completed. Тһе 
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County Council kept the company waiting a year, and when they 
submitted the formal agreement they put in two absolutely new clauses 
which had never been mentioned before. Consequently the company 
were unable to accept them, with the result that now there is 
comparatively only a small amount of underground work in the County 
of London. That is a result which I say is most prejudicial to the 
interests of the public. I would simply urge on the Institution 
the necessity of doing everything that is possible, by committees or 
otherwise, to protect the profession from the obstructions of municipal 
authorities. So far as competing with municipal authorities is con- 
cerned, if they will allow competition on fair terms, I have nothing 
to say. I will meet them with pleasure, provided there is a fair fight. 

[Communicated]: Two examples from many of municipal ob- 
struction many be interesting :— Underground wires exist from 
Hammersmith, etc., to north side of Holborn. Local authority 
refuse consent to connect exchange on other side, distance not 
more than 30 or 40 yards. Underground wires exist from Croydon, 
Sydenham, Bromley, Beckenham, Greenwich, etc., etc., to a point псаг 
St. George's Church, Borough, and from a point about 9o yards 
distant to the City. Authorities refuse to permit connection under- 
ground for this short distance except on prohibitive terms. 

General С. E. WEBBER: This Institution, before the Parliamentary 
Committee sat which passed the Telephone Bill of 1899, did the very 
thing which the last speaker suggests they omitted to do. "That Bill 
practically freed the telephone by enabling the Post Office to grant 
licences far freer and far more in the interests of the industry than 
anything I know of in connection with Electric Light Provisional 
Orders. It is the charter of all those who wish to extend the use of 
and to popularise the telephone industry in this country. 

Mr. J. GavEv: The debate has, to my mind, rather digressed from the 
subject of the paper, and I would not intervene at this stage but that 
Mr. Clay has referred to what I must consider very ancient history in 
dealing with the telephone question. Perhaps unconsciously, he has 
done it in sucha way as tolead members of the Institution to believe that 
the hampering regulations on thc question of rates to which he refers exist 
at the present moment. Now trunk rates, whatever they may have 
been in the very early days of the industry, when we were all learning 
the business and before anybody knew how the thing was going to work 
out and what rates we could afford to charge, might have been high; 
but for many years the Telephone Company have had an absolutely 
free hand to charge exactly what they liked. As an illustration I may 
say that in many cases where the Post Office was in opposition to the 
Telephone Company in Provincial districts, they have gone to the Post 
Office subscribers and have provided, or offered to provide, wires and 
telephones free for considerable periods, in order to induce them 
to leave the Post Office service. I think in the face of that it is not 
right for a member to come here and say the Post Office has prevented 
the Company from charging reasonable rates, and that the Department 
has acted unfairly and has prevented the public from receiving a cheap 
and proper telephone service. Again, on certain other points it must 
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be borne in mind that in acting as the Post Office has, it is really 
protecting the rights of the Government under the Telegraph Acts. 
Those Acts were passed as the result of a public demand pressed on 
the Government, and they were carried bv Parliament in response 
to those demands. Any subsequent action, whether the action of the 
Committee of the House of Commons, of the House of Commons, or of 
the Post Office itself, is the result, generally speaking, of public pressure. 
If Mr. Clay or members of the Institution will turn back to the minutes 
of evidence taken before the Committees of the House of Commons, 
they will find the general evidence was in favour of the telephones 
being taken over by the State; and, therefore, it is not with the view 
of oppressing a private company that the policy complained of has 
been initiated, but to meet the demands of the public. 

Col. К. E. Crompron: I, in common with everybody, have not 
only heard the paper, but have read it more than once with very great 
interest. I put this question to myself as a question that concerns 
every one who has the interest and honour of the electrical engineering 
profession at heart as ап English. Engineer. Why are we in England 
supposed to be—I say advisedly supposed to be—bchind America and 
the Continent of Europe, іп the development of electrical engincering ? 
The question is a very vital one for this Institution, comprising as it does 
practically the whole of the members of our profession who are of any 
note or standing. On reading through the paper very carefully I found 
myself in full sympathy with the author. I agree with him, that it is 
not on account of our inefficiency as engineers that we are so behind- 
hand ; it is due to external causes. And one of those causes no doubt 
dates from the 1870 Tramways Act—an Act which fettered private 
enterprise and enabled municipalities to compete with private enterprise 
by funds raised on the security of the rates. The Tramways Act was the 
commencement of the curse that has hung over the country ever since. 
It is useless for Mr. Hammond to pose as a man with an inconveniently 
short memory : he forgets how, after the Electric Lighting Act came 
in force, municipal authorities obtained scores of Provisional Orders 
which have never been put in force. The municipal authorities never 
moved until private enterprise showed them how electric lighting 
could be made profitable in this country. There never would have 
been fourteen pence, not to say fourteen millions, put into it by the 
public bodies, if it had not been that a few of us got together private 
capital to show that we in England could do what thev were already 
doing in America. It is well known to many what a hard task that was, 
how the few thousands that were got together in the early eighties were 
obtained by begging a few enterprising men to find moncy in order 
to show that electricity could be provided from house to house. 
There is no doubt that at that time the municipal authorities were our 
enemies. You can all remember thcir stock phrase, * We must have 
control of our own streets," was always put forward if we asked to do 
anything in the way of connecting up houses. The result was that the 
Electr ic Lighting Act of 1882 was passed, and the ridiculous В. of Т. 
licences granted. In spite of all these things we started a few private 
enterprises for electrical distribution, and carried them on to such a 
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pitch that public pressure was brought to bear on the Government, 
so that the Act was altered a few years later. As a prominent actor 
in those events, I think I can speak with some authority, and it 
appears to me that we are now exactly in the same position as regards 
the distribution of power on a large scale all over the country as we 
were then with the electric lighting. It is, as Mr. Hammond very 
rightly says, quite a question of whether, under English conditions 
of demand for power, it can be made to pay; but, if private enterprise 
proves this, will not the same thing be repeated? Will not the 
municipal authorities hang back until they sce somebody else pulling 
the chesteuts out of the fire for them? That is what they are trying 
to do, and assuredly they will then do everything in their power to keep 
private capital from being put into these power concerns, just as 
they did in the early davs of clectric lighting. But, in spite of 
them, these power concerns will be brought forward, and in a few 
vcars the Local Authorities will go for Acts of Parliament to extend 
their districts, so that they may be able to work big power schemes 
themselves I am quite convinced that that wifl be done, for history 
repeats itself. I have said enough on that point, but I wish to call 
attention to another very important one. "There is no doubt that the 
impression. prevails among the general public of England that we 
clectrical engineers are to blame for the backwardness of electrical 
progress in this country—a most shameful and a most unmerited 
imputation, when you consider what we English electrical engineers 
have done. I claim for England a large share of the great things that 
have made electrical distribution possible. When we mention Dr. 
Hopkinson, and remember what has been done to introduce accumu- 
lators, which were first made and used on a large scale as an aid 
to central station work in this country and afterwards copied by other 
countries; when we know that it was England, through Willans, that 
introduced direct-acting high-pressure engines, which made possible 
all early stations in crowded areas, if I omit the multiphase transmission 
business, what have other countries done that we have not done in 
England ? Who is to blame for the fact that our daily papers accept the 
rubbish that any American or German tout can stuff into them? "There 
is no doubt that the English public, instructed by its non-technical Press, 
thoroughly believe that we English electrical engineers are woefully 
behindhand in electrical knowledge, and that it must look for aid 
from America or Germany for the hoped-for coming advances in electrical 
progress. I cannot help fecling that certain members of this Institution 
who speak at these meetings are to blame for this. How often do we 
hear men of scientific standing, although quite uninstructed in the real 
status and practical attainments of our English electrical manufacturers, 
hold forth to us on their return from their outings in America or on 
the Continent on our want of knowledge, and how necessary it is for 
us to go abroad to learn. "This is pretty hard on those of us who have 
studied, from motives of the highest self-interest, the very problems on 
which they pass judgment so glibly. Surely we who have the same 
scientific attainments and add to it a much fuller knowledge of the 
practical conditions of our business and of thc requirements of our 
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customers, and of the other factors which determine the choice of 
electrical machinery best suited to our Home and Colonial trade, are 
better able to judge of what is good for us than those who only glance 
at the matter during the course of their annual holiday. It would be 
well if such speakers, who by their remarks mislead the public and 
thereby do us English engineers more harm than good, would in 
future help forward the cause of electrical progress by dwelling more 
forcibly on the matters so clearly brought forward by the author of 
this paper and which no one doubts to be the principal cause of our 
want of progress. 

Mr. Н. Hirst (communicated) : Like all previous speakers, I wish 
to congratulate Mr. Madgen on the happy choice of a paper which, 
judging from the discussion which has taken place so far, bids fair to 
be the starting-point of a crusade against legislative and other evils 
that impede the natural progress of cheap electric light supply 
throughout the country. It struck me, nobody had disputed we were 
behind other countries. It seems to be an admitted fact that municipal 
trading in electricity supply means splitting up the electricity supply 
of the country into small units, and is therefore an agent against cheap 
all-round supply throughout the country. 

Various causes have been given for this state of affairs. Mr. 
Madgen blames one-sided, grandmotherly legislation ; another speaker 
suggests pandering too much to the democratic tendencies of the age ; 
Mr. Swinton blames the construction of the Board of Trade; but has 
it occurred to anybody that a great portion of the wrong of which we 
complain lies with the electrical engineers themselves? These large 
schemes —these Power Bills—can only be carried out with some 
measure of success if electricity is generated and transmitted оп 
principles that only a few years ago were pooh-poohed in this 
country by many of the leading electrical men. When one pointed 
to similar big enterprises on the Continent or in America, one was told 
within these very walls that multiphase transmission was not wanted 
unless it be for the purpose of utilising water-power which otherwise 

would run to waste. The idea that tramways with overhead wires 
would ever get a start in this country was ridiculed. We were going 
to have nothing unless we could get something better. Now, during 
the last year or two our eyes have bcen opened to the fact that if we 
Чо not wish to be left behind in the race we shall have to do as they 
did abroad, and now that the rush is coming on and the manufacturers 
Of this country are scarcely ready to comply with the sudden demand, 
үге forget our own shortcomings and are ready to kick at the Govern- 
ment. After all, the Government takes its keynote from the view of 
the most enlightened officials that we can put at its disposal, and if 
these officials see discord and disunion amongst the leading members 
of the Profession on cardinal points, how can they be expected to 
anticipate the wants of the profession ? 

If only electrical engineers had known a few years ago what they 
wanted to-day, as they do now, I am sure means could have been 
found to alter the legislation, and I for one object to blame any 
particular Act for the present state of affairs, We all agree that the 
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future industrial prosperity of this country depends to a very great 
extent оп cheap electrical current. In fact, as the cry in the early 
fifties of the last century, around which Ministers formed their pro- 
grammes, was for “cheap bread for the working man," so I should say 
the cry during the next fifty ycars, around which politicians will cluster 
their parties, can be very nearly expressed as “ Electricity а penny рег 
unit through the country," or thereabouts. 

The success of every industry, with scarcely any exception, will 
depend on this cheap commodity. То achieve this, more than the 
alteration of one or two Tramway or Lighting Acts will have to be 
considered, and if Mr. Sellon's suggestion and hope that the outcome 
of this discussion may be an organised attempt to achieve something 
and to tell the Government what we want, becomes an accomplished 
fact, I trust such a committee may be chosen from this Institution as 
will treat the points in question from a large-minded point of view, that 
will bring wide knowledge to bear on the matter, and treat it in such 
a thorough and business-like manner, and form such proposals that the 
leading members of the Institution will agree to and submit to its rulings 
with confidence. If that can be done I am sure no Government will 
dare to defy the unanimous opinion of so powerful a scientific and 
industrial body as this Institution ; but I rather think it would only too 
cheerfully take its guidance from us under such circumstances. 

Mr. С. А, BAKER (communicated): 1 am inclined to think that the 
point of view taken in this paper by the author is somewhat past date. 
Eight or ten years ago the conditions now pointed out most un- 
doubtedly existed. Тһе original mistake was obviously made by the 
Board of Trade in putting an entirely new enterprise in the hands of 
municipal authorities who dared not risk money borrowed on the 
security of the rates in experimental work. This necessitated a very 
slow development; in fact, development was not aimed at, but 
securitv, whilst other countries went ahead, and are now reaping the 
benefit of the сайу progress they were enabled to make. А little 
later the municipal authorities began to find that consulting electrical 
engineers were available, and these gentlemen have been largely 
employed in designing work and imposing conditions generally, again 
with a view to security rather than development. The only experi- 
mental development on a large scale that occurs to me at the moment 
as having been adopted in this country is the five-wire system at Man- 
chester ; the subsequent working of this system has not secured its popu- 
larity. Consulting engincers and manufacturers take different views as 
to the way work should be carried out, and no doubt the manufacturers 
of this country have suffered considerably by being placed so much 
under the control of consulting engineers through the оон 
of municipal authorities. 

At the present time there appears to be an abundance of work on 
hand. Many of the schemes which have been promoted by companies 
and received Parliamentary sanction are lying dormant, or the work in 
connection with them is proceeding very slowly; whilst, on the other 
hand, for several large schemes, where the work has been carried out, 
foreign machinery and material has had to be purchased in order to 
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get them to work in reasonable time. My conclusion, therefore, is that 
the Board of Trade and the Government Departments generally have 
sanctioned more schemes than our manufacturers are able to compete for. 

Opposition to power schemes and other similar undertakings is 
often introduced not entirely through the local authorities or through 
the Board of Trade, or through Parliament, but owing to the keen 
competition amongst the numerous representatives of electrical engi- 
neers in all branches of the industry. Consequently, when a good 
scheme is proposed, it is not unfrequently met by an exactly similar 
scheme which is brought forward independently to cover practically 
the same area. 

In connection with development, there is a point where our central 
station engineers still lag very much behind Continental and American 
practice. As long as twelve years ago, when I was acting as assistant 
engineer to the Italian Edison Company in Milan, we were using 
incandescent lamps consuming three watts рег candle-power. It is 
still the practice in this country to use 4-watt lamps. A small calcula- 
tion on these figures, allowing an ample sum for energy consumed by 
electric motors, arc lamps, etc., shows from the revenue received from 
clectric supply during the last twelve months, that the public have paid 
considerably over a quarter of a million sterling in excess of the 
sum which should have been paid had the more efficient lamp 
been adopted. There are power schemes at the present time which 
would be glad of the offer of capital to this extent, and if, as is 
Senerally considered necessary, we have to make the best fight we 
Сап against gas-lighting undertakings, this point of the adoption of 
more efficient lamps should not be delayed. 

Mr. А. B. CHatwoop (communicated) : It appears to me that the 
author of the paper, as well as the members to whose remarks I 
had the pleasure of listening, have evaded the point. If the paper 
deals with a subject worth our while to discuss—and I for one think it 
does—then let us face the problem before us and see whether some 
‘olution cannot be found. 

Mr. Madgen gives two principal саизез— Шу legislation and official 
Opposition. I think these two causes could have been given as опе, 
‘ince the second could not exist without the first. No one who was 
Present and heard the course adopted by Southport—a course which 
cannot be considered other than idiotic—can for one moment doubt 
the existence of this second or subsidiary cause. 

But is “ silly legislation” a fundamental cause? I venture to think 
Rot, I, and probably all our members, will give the members of the 
Committee of the House which sat on these Bills credit for honesty, at 
‘ny Tate, if not for foresight and knowledge. 

м Хе are to find the causes which have led to this silly legislation, 
a ы our position with that of our colleagues in America 
There 2 Industry іп that country was just beginning its rapid advance. 
ж ө saw overhead wires, with their attendant risks to life, freely 
ша. ны which were ill-considered carried out оп а large 
diio. е rights of property owners disregarded, and the “sacred 
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We, on the contrary, have to face the natural consequences of the 
character which has been bred in us by the historical developments of 
our country during many centuries ; we have to remember that our 
legislators hold life and property so sacred that they will not allow 
immature or experimental schemes to be carried out to the possible 
detriment or injury of the public. 

Such, I think, is a fair review of the position. Our problem is not, 
therefore, that which Mr. Madgen puts, but is much more complex and 
difficult. Тһе problem, it appears to me, is to settle first what we as 
clectrical engineers desire, and, secondly, to induce Parliament, or a 
sufficient number of its members, to take our view. 

We have been to blame, I think, in the past in that we have 
wrapped up our little bit of knowledge and experience and kept it 
in our offices, so that none should leak away without bringing its value 
to our coffers; and I am afraid that with some of us this knowledge 
and experience may have got a little rusty and out of date. Let us, 
therefore, do all we can in the future to teach the public, and more 
especially our legislators, that we can carry out our schemes without 
unduly risking life and without disregarding the rights of property, or, 
at any rate, without giving back with our right hand twice, nay, tenfold, 
as much as we take away with our left. 

I conclude by suggesting that a committee be formed, not of members 
of this Institution only, but including one or two representatives of 
the legal profession, men who have had experience in Parliamentary 
procedure and have been in close relations with municipal officials, 
since, unless the views taken by municipal officials and others are 
represented, the researches of such a committee would be of little value. 

Мг. С. H. BAILLIE (communicated) : In connection with the criticisms 
we have heard of English legislature in electrical matters, it mav be 
of interest to note how Italy has made more rapid progress than, 
perhaps, any other European country, under entirely different methods 
of procedure. There, the electric power laws are based on the principle 
that a municipality or a province should be allowed to do what it 
pleases on the property under its control. Thus, an electric lighting 
concession is granted solely and entirely by the municipality interested, 
and the Government merely reserves to itself the right of approving 
the details, which approval is such a formality, that, in the case of one 
electric lighting station, started by Mr. Woodhouse and myself, we had 
supplied light for three months before the ministerial decree arrived, 
giving us permission to start. In other interests than their own, how- 
ever, municipalities have no power of obstruction, by reason of a useful 
clause in the electric light law, passed іп 1894, which compels every 
proprietor, whether an individual or a municipality, to give way-leaves 
through his property to electrical mains. А power scheme, distributing 
over a large area, would depend on the Provincial Councils, who control 
the inter-urban roads ; a municipality could not refuse permission to 
lay mains through its district, though it could refuse to allow any 
supply. In Italy, however, if the supply were -good and cheap enough 
to make the inhabitants want it, they could practically compel the 
municipality to grant a concession for supply. Municipal supply 
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stations are very rare, probably because no town population will credit 
the municipal authorities with any desire but that of filling their own 
pockets ; private enterprise, to a great extent German, has given Italy 
the enormous number of electric. lighting stations now in operation, 
тапу of which supply villages so small and so poor, that a station 
waning under Board of Trade rules would be financially impossible. 

I think a serious obstacle to the spread of electric light in England 
sthe cost of house installations, which 15 so high as to be almost pro- 
tibitive to the poorer classes ; in Italv, where the cost is less than half, 
“еп for good work, installations of 2, 3 ала 4 lamps form a соп- 
iderable part of a station's load. The system of wiring adopted is а 
much cheaper опе, and would not be sanctioned in England ; but still 
the houses do not burn, nor do the Insurance Companies fail. 

Dr. Thompson's contention that water-power is no cheaper than 
eam-power, on account of the cost of the water-rights, does not hold 
m Italy, or I believe in Switzerland, as all rivers are Government 
Kopertv, and a concession costs only an annual sum of 3 francs 
ег Н.Р. However, the capital cost of a water-power plant, and the 
fact that a long transmission is generally required, to bring the power 
where it is wanted, makes the advantage of water- over steam-power а 
very doubtful one, іп the case of electric lighting with a small load 
lactor, but a very decided one, in the case of an all-day power load. 

Мг. EBENEZER HOWARD (communicated): Mr. Madgen in his paper 
dwelt upon the intimate'connection between the development of electrical 
undertakings and the great housing problem. The only satisfactory 
way of dealing with the latter problem is to induce large bodies of 
work and of workers to establish themselves in new districts. "This is 
what Mr. Madgen contends for. But this movement must be con- 
certed ; for № manufacturers leave congested centres in a concerted 
manner, they can secure for themselves and for thcir work-people far 
better results than by leaving singly. Mr. Madgen speaks of a com- 
prehensive scheme for the generation of electrical energv as likely to 
attract manufacturers out of our crowded cities. But this system 
should be part of a still more comprehensive scheme. Factories need 
not only cheap motive power and light, but cheap sites, low rates, 
opportunities for necessary extensions, and railway facilities. They 
must be secured against interruptions of light and air ; and above all 
must have, in contiguous or quickly-reached positions, healthy areas and 
healthy homes for their work-people. Start, then, a comprehensive system 
in which the supply of electrical energy for all purposes shall occupy 
no mean place. Plan out on some large and now scarcely-occupied 
estate a city which shall be abreast of modern ideas, and let the city 
grow to that plan as a house grows to the plan of its architect. 

It should, surely, be possible to combine private and public enter- 
Prise, and to produce a great concrete result far higher than either 
could alone effect. It is practicable by private enterprise to purchase 
a large estate and to develop it in the public interest ; to pay a fair rate 
of interest to those who find the necessary capital, and to give them 
besides an excellent security for their money. Then it is also practi- 
cable so to lay out the estate, and to offer such terms as to tenure and 
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We, on the contrary, have to face the natural consequences of the 
character which has been bred in us by the historical developments of 
our country during many centuries; we have to remember that our 
legislators hold life and property so sacred that they will not allow 
immature or experimental schemes to be carried out to the possible 
detriment or injury of the public. 

Such, I think, is a fair review of the position. Our problem is not, 
therefore, that which Mr. Madgen puts, but is much more complex and 
difficult. The problem, it appears to me, is to settle first what we as 
electrical engineers desire, and, secondly, to induce Parliament, or a 
sufficient number of its members, to take our view. 

We have been to blame, I think, in the past in that we have 
Wrapped up our little bit of knowledge and experience and kept it 
in our offices, so that none should leak away without bringing its value 
to our cotters; and I am afraid that with some of us this knowledge 
and experience may have got a little rusty and out of date. Let us, 
therefore, do all we can in the future to teach the public, and more 
especially our legislators, that we can carry out our schemes without 
unduly risking life and without disregarding the rights of property, or, 
at any rate, without giving back with our right hand twice, nay, tenfold, 
as much as we take away with our left. 

I conclude by suggesting that a committee be formed, not of members 
of this Institution only, but including one or two representatives of 
the legal profession, men who have had experience in Parliamentary 
procedure and have been in close relations with municipal officials, 
since, unless the views taken by municipal officials and others are 
represented, the researches of such a committee would be of little value. 

Mr. G. H. BAILLIE (communicated) : In connection with the criticisms 
we have heard of English legislature in electrical matters, it may be 
of interest to note how Italy has made more rapid progress than, 
perhaps, any other European country, under entirely different methods 
of procedure. There, the electric power laws are based on the principle 
that a municipality or a province should be allowed to do what it 
pleases on the property under its control. Thus, an electric lighting 
concession is granted solely and entirely by the municipality interested, 
and the Government merely reserves to itself the right of approving 
the details, which approval is such a formalitv, that, in the case of one 
clectric lighting station, started by Mr. Woodhouse and myself, we had 
supplied light for three months before the ministerial decree arrived, 
giving us permission to start. In other interests than their own, how- 
ever, municipalities have no power of obstruction, by reason of a useful 
clause in the electric light law, passed in 1894, which compels every 
proprictor, whether an individual or a municipality, to give way-leaves 
through his property to electrical mains. A power scheme, distributing 
over a large area, would depend on the Provincial Councils, who control 
the inter-urban roads; a municipality could not refuse permission to 
lay mains through its district, though it could refuse to allow anv 
supply. In Italy, however, if the supply were good and cheap enough 
to make the inhabitants want it, they could practically compel the 
municipality to grant a concession for supply. Municipal supply 
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stations are very rare, probably because no town population will credit 
the municipal authorities with any desire but that of filling their own 
pockets ; private enterprise, to a great extent German, has given Italy 
the enormous number of electric lighting stations now in operation, 
шалу of which supply villages so small and so poor, that a station 
tuning under Board of Trade rules would be financially impossible. 

| think a serious obstacle to the spread of electric light in England 
the cost of house installations, which is so high as to be almost pro- 
hibitive to the poorer classes ; in Italy, where the cost is less than half, 
“еп for good work, installations of 2, 3 and 4 lamps form a con- 
Nderable part of a station's load. The system of wiring adopted is a 
much cheaper one, and would not be sanctioned in England ; but still 
the houses do not burn, nor do the Insurance Companies fail. 

Dr. Thompson's contention that water-power is no cheaper than 
Xcam-power, on account of the cost of the water-rights, does not hold 
in Italy, or I believe in Switzerland, as all rivers are Government 
Property, and a concession costs only an annual sum of 3 francs 
рег Н.Р. However, the capital cost of a water-power plant, and the 
act that a long transmission is generally required, to bring the power 
Where it is wanted, makes the advantage of water- over steam-power а 
very doubtful one, in the case of electric lighting with a small load 
factor, but a very decided one, in the case of an all-day power load. 

Mr. EBENEZER HOWARD (communicated) : Mr. Madgen in his paper 
dwelt upon the intimateiconnection between the development of electrical 
undertakings and the great housing problem. The only satisfactory 
Way of dealing with the latter problem is to induce large bodies of 
Work and of workers to establish themselves in new districts. This is 
What Mr, Madgen contends for. But this movement must be con- 
certed ; for if manufacturers leave congested centres іп a concerted 
manner, they can secure for themselves and for their work-people far 
better results than by leaving singly. Mr. Madgen speaks of a com- 
Prehensive scheme for the generation of electrical energy as likely to 
attract manufacturers out of our crowded cities. But this system 
should be part of a still more comprehensive scheme. Factories need 
not only cheap motive power and light, but cheap sites, low rates, 
"PPortunities for necessary extensions, and railway facilities. They 
Must be secured against interruptions of light and air ; and above all 
Y о in contiguous or quickly-reached positions, healthy areas and 
Me У homes for their work-people. Start, then, a comprehensive system 
по bs the supply of electrical energy for all purposes shall occupy 
Hr an place, _ Plan out on some large and now scarcely-occupied 
rum 2. Which shall Бе abreast of modern ideas, and let the city 
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otherwise, that all classes will co-operate ; and such a city will be 
followed, of course, by others, thus drawing the people out of our over- 
crowded cities and solving at the same time the problem of rural 
depopulation. "This 15 the project of the Garden City Association—a 
project with which should be combined a comprehensive system of 
electricity supply. 

Mr. WM. L. MapGEN, in reply, said: So far as time will admit I 
shall endeavour to deal with the chief points which have been referred 
to by the various speakers. 

In the first place I did not move a resolution, but I have no doubt 
that the almost unanimous opinion which has been expressed will have 
due weight with the Council, in considering the advisability of appoint- 
ing a Committee to advise upon the most effective means of dealing 
with the serious obstacles with which the electrical indusiry has to 
contend. 

Had I moved such a resolution I should have adopted Mr. 
Hammond's suggested amendment, that a Committee be formed to 
consider engineering matters connected with power supply, but for the 
fact that they will more usefully occupy the open discussions of the 
Institution. 

The Wallsend power station on the Tyne for Newcastle and the 
north bank of the river down to North Shields, the County of Durham 
main power station at Gateshead, and the first main power station for 
the North Metropolitan district, are now rapidly approaching the com- 
pletion of their first stage, so that the new era of electric supply has 
actually commenced, and that of small separate generating stations in 
such districts is passing away. 

The matter we have been considering is no sectional question 
between one branch of the industry and another. It must be to the 
advantage of all that the applications of electrical science should be 
freed from the absurd restrictions imposed by the governing bodies of 
this country. 

I am sorry that the question of Municipal Trading has been dragged 
into the debate. Apparently it would not have done for this paper, 
which, I am gratified to find, has practically the unanimous support of 
the members, with the exception of Mr. Hammond, to have gone forth 
without some objections being associated with it on behalf of such an 
apostle of Municipal Trading. 

Mr. Hammond attributed the backwardness of our electrical 
industry to the cheapness of gas. Apart from the fact that we are 
not talking of lighting alone, but also of power and of fraction, can such 
an argument be regarded as serious when it is well known that the cost 
of gas is mainly governed by the price of coal, and in this country the 
price of coal is common to both forms of illuminant ? 

Dr. Silvanus Thompson alluded to the interesting question of the 
economic limit of size of a power station. As you may suppose, such 
matters have been very fully considered by those of us who were 
actively concerned with the Power Dills of last session, апа a large 
amount of information was gathered together. It was of coursc 
impossible for me to compress this material within the limits of my 
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paper. Ifelt in preparing it that my first duty to the Institution was 
to indicate the steps which should be taken to remove the obstacles to 
these developments which have already been amply demonstrated in 
practice elsewhere. 

Some five years ago the critical limit, bevond which it would be as 
well to have two stations as one of larger size, was placed by a pro- 
minent writer at about 5,000 H.P., but now that single steam-alternators 
equal this figure it is seen to be absurdly low. 

There is, as a rule, no gain in the boilers after a power-station has 
reached a few thousand horse-power capacity, and as station size 
increases the boilers are not made larger, but increased in number. 
With engines there is a continuing advantage as the size increases, 
both in efficiency, space occupied, and weight per horse-power ; 
and, as the largest sizes so far used for electrical purposes are greatly 
exceeded by those of a similar type used in marine practice, special 
experimental work is not yet occasioned by increase in size, and 
the cost per horse-power continues to go down as the size increases. 
Alternator design is now so well understood that untried sizes can be 
built with confidence, but there is said to be no economy in first cost 
per horse-power of unusual sizes, as the special designs and construction 
outweigh the saving in material and workmanship. 

An example of the smaller economies effected in construction is 
that one crane will serve an engine-room containing ten generators as 
well as one containing five. 

However large the station, there is still a gain in the capital cost 
per horse-power installed due to concentration, as it is much cheaper 
to erect and to house duplicate plant at one point than to construct the 
equivalent at several points. As capital charges are the largest item in 
the cost of electrical energy, the most important saving due to cen- 
tralisation is the greatly reduced capital cost per horse-power installed. 

In regard to running expenses, even if the size has become so great 
that the concentration allows no increase in the size of units of generat- 
ing plant, the duplication allows many economies of this nature that 
could not be attempted with a smaller equipment. ‘This is owing to the 
fact that the complexity of these economies does not incrcase with their 
increased size, while the saving is proportional to the size. Many details, 
such as oil-circulating equipment, coal and ash-handling machinery 
mechanical draft, economisers, &c., are thus affected. The larger 
the station, also, the greater is the differentiation of labour, and in con- 
sequence the greater is the efficiency of that labour. 

It is now regarded as a truism that the greater the centralisation of 
the power plant the better is the load factor. Ina lighting system the 
peak of the load does not coincide in residential and business districts. 
In а traction system, pleasure resort lines may have their peak at one 
üme and the lines serving business districts at another. Combined 
lighting, power distribution, and traction systems gain still more by the 
improvement in load factor due to the combination of different loads. 

Thus it appears that increase in size causes a continued increase in 
economy, so far as the power-station itself is concerned. This increase 
undoubtedly grows smaller and smaller as the size continues to increase, 
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Mr.Madgen. but never reaches zero. At a certain point this gain is met by the dis- 
advantage of long feeders, but with high-tension transmission it is not 
reached until the district is a very large one, sufficiently large in areas 
of a suitable character for stations of a power hitherto unheard of. 

The above remarks are in part a paraphrase of some interesting 
notes which appeared in the Electrical World of New York, August 
13, 1899. 

Other considerations which come into the question may be indicated 
best by extracts from letters received in June of last year from our 
friend Mr. Gisbert Kapp, of Berlin, from Mr. Edgar, President of the 
Edison Electric Illuminating Company, of Boston, and from Mr. К. 5. 
Hale, of Boston. 

Mr. Kapp wrote : “Тһе principles upon which you have been 
working have long ago been recognised as sound in Germany. In 
Silesia there is a steam-driven station supplying a large district with 
10,000-volt 3-phase current. The Rheinfelden station, as you know, 
supplies into Switzerland and Germany over wide districts, aud its 
power is fully taken up. In Berlin the old system of having town 
stations each for a limited area is being supplemented by outside 
stations and long distance transmission. In Schónweide, to the east 
of Berlin, there is a large 6,800-volt 3-phase station ;which supplies 
various parishes. А new station is now in construction in the north, 
and another is projected for the west. In all there are now on order 
eight steam 3-phasers of 3,000 kw. each. One iparish south-east of 
Berlin, for which I am consulting engineer, has an offer for current 
from the large eastern station at low prices. I am just working out the 
plans for a municipal station,! and as far as I have been able to see at 
present the home-made current will come more expensive than the 
current from the large eastern station." 

Mr. Edgar said : “This Company has had, for the past ten years, its 
principal lighting station upon the water front near the centre of dis- 
tribution. А year or two ago it was foreseen that the facilities of this 
station would be completely required for the winter of 1900. It there- 
fore became an important question as to whether this station should be 
enlarged or a station laid down in some other section of the city. After 
considering this question quite thoroughly, it was decided by all con- 
cerned that the proper action to take was to enlarge the existing 
station, and we are now building upon the same premises, and adjoining 
the old station, a power house of a capacity equal to double that of the 
old station. Тһе entirc plant is so designed that for all practical pur- 
poses it is one station ; but at the same time, as a matter of precaution 
against steam-pipe explosions or troubles of that character, both the 
engine and boiler rooms are divided into two separate and distinct 
risks, while the switch-board is located in a structure entirely separate 
from the remainder of the station. The old station had a capacity of 
6,500 H.P., while the new one is laid out for 15,600, making a grand 

t Since this discussion I have been informed by Mr. Карр that upon fiis 
advice the idea of: the separate municipal generating station has been aban- 


doned, and the current is now supplied direct írom the main power station 
he refers to. 
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total of something over 20,000 Н.Р. when completed. We have therc- 
fore had to meet the same problem which you raise in your letter, and 
have decided it as I have described—viz., to locate on one premises 
practically all of the generating facilities of the Company, subdividing 
them into two or more fire risks by substantial walls, but getting all the 
benefit of concentration т the keeping down of operating expenses." | 

Mr. Hale wrote: “I should sav that the general idea here was that 
stations of 50,000 to 100,000 H.P. are more economical than smaller 
stations. My own investigations have shown that boiler plants of 
3,000 to 4,000 Н.Р. had reached the point where no further economy 
was to be gained by increasing the size, but as regards engines, the use 
of engines of 5,000 H.P. makes it necessary to have very much larger 
stations so as to have a reserve unit without having too great a per- 
centage of the capital lying idle. If we go to engines of 10,000 or 
20,000 H.P. each, of course that will mean still larger stations, and, 
judging from the increase in size of engines in the last five or ten 
years, I should think it very probable that a 5,000 Н.Р. engine may be 
considered a small-sized unit before long." 

Before the year is out fuller particulars will be available of the 
development of several steam-driven electric power stations of ten to 
twenty thousand horse power which will further demonstrate the folly 
of continuing in this country the era of a wasteful little toy station for 
each township. 

One of the finest examples is that of the Metropolitan Street Railway 
Company of New York. In the relatively small area of twenty square 
miles this company has 217 miles of tramway track, 82 miles of which 
are now worked electrically, and much of the rest, including the cele- 
brated Broadway cable line, is being "converted." The generating 
plant has been concentrated in a power station on the water front at 
96th Street, and comprises no less than 45,000 kw., the large 3-phase 
plant units being of 3,500 kw. each. Тһе electro-pneumatic switchgear 
is divided up in a manner analogous to a modern organ, and the 
required *tune" can be played on it, so tó speak, from a central 
keyboard. There are many other points of great interest in this power 
station, and by the courtesy of the British Thomson-Houston Company 
I am enabled to put in—for the library—copy of a complete description 
with illustrations and dimensioned drawings. 

The controversies between the adhcrents of theory and of practice 
in this Institution, and personal questions of priority of disclosure, have 
become a very stale convention to many of us, and there is a general 
feeling, I believe, that we might well have less of them. I am sadlv 
conscious that any sympathy І may have had for Professor Ayrton оп 
such occasions has been dissipated this evening. It appears that he 
has been among the back numbers, and has found that he said some- 
thing or other in 1879 which we may, or may not, recognise as a broad 
claim to modern developments in electrical supply over large areas. 
Professor Ayrton then said that it cannot be the fault of Parliament or 
of the Local Authorities that the Metropolitan Railway trains are not 
run by electricity, True, but what are the circumstances of the Metro- 


politan Railway? It is in itself a monument to private enterprise, but 
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the net earnings are very moderate, relatively to the public service it 
affords, and it is a grave question of finance whether the additional 
capital cost of making a radical change in the method of working 
would be an advantage to the proprietors. Moreover some three or 
four main lines have running powers over part of the circle, and 
arrangements in regard to them have to be considered. We should all 
like to see the change brought about, but it is no discredit to private 
enterprise that it should take heed what it is doing. 

Professor Avrton mentioned that on behalf of a local authority he 
had approached a large company to ask upon what terms it would 
supply in bulk to the extent of 500 Н.Р. Тһе reply was 3d. per unit, 
and under the circumstances I am not at all surprised. Why should 
any one with a power station, selling retail over a large area, go out of 
his way to supply at a special rate to one wholesale consumer with such 
a small demand ? 

There appeared to be some question as to whether Mr. Clay was in 
order in bringing | in. the telephone question. I am aware that, the 
company is not very popular to-day, and any whip appears to be good 
cnough to scourge them with, but I do not suppose that those of us 
who are unfamiliar with telephone work can realise the difficulties 
under which they have been carrying on the service. The wonder 15 
not so much that it has been done indifferent well, as that it has been 
done at all. Practically the whole of their wires are overhead, they 
have to get wayleaves where they can, and are liable to be victimised 
at every turn. Mr. Gavey reproached the telephone company with 
having resorted to the device of offering a free service in certain cases 
in order to compete with the Post Office. It is the Government which 
18 responsible for any expedients to which the company may have been 
driven in order to preserve their business. It is the Government which 
is mainly responsible for the present chaotic condition of telephone 
work. 

Itis a great satisfaction to me that Colonel Crompton has appre- 
ciated the intention of this paper. After the E. L. Amendment Act of 
1888 was passed it was due to his initiative that pioneer supply stations, 
which have served as an incentive to much that since has been done, 
were equipped at Kensington, Northampton, Southampton, Hove, and 
elsewhere, and he affords us an example of what can be done for an 
industrv by individual enterprise. 

My thanks are also due to the several other representative members 
who have supported the movement in favour of the Institution taking 
steps for the removal of the legislative and other difficulties which 
are retarding so very ser ME the prose: of electrical work in this 
country. . - 

Dr. Silvanus о а concluded: his Rr ds with a parable, б” 
if you will allow me I shall do the same. In most domestic circles— 
certainly in the one with which I am best acquainted—there is a small 
member who wishes to know why you leave the house reasonably 
early, and whv you do not return until sometimes unreasonably late. 
It is usual to tell this small person that it is for the purpose of bringing 
her bread and butter. Well, this is а bread-and.butter question. Ц 
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is a question affecting the interests of this Institution as a whole. 
Surely it cannot be in the better interest of any consulting engincer, 
however “municipal” he may be, that the industry should be “held 
up" as it now is. If the means of progress are enfranchised, surely 
it will not be any impediment to municipal enterprise in the same 
direction. 

It is to our interest to see to it that these legislative restrictions are 
removed. And I may put it higher than that—it is our duty. Members 
of Parliament, County Councillors, and other elected persons have at 
length discovered that electric traction is a means of relieving the 
congestion of population. Some of them, indeed, are beginning to 
quarrel as to which of them first suggested it! Personally I believe 
that electrical: power distribution, by assisting the migration of indus- 
tries into more open country, can do even more to relieve overcrowding. 
If this be so, if the greatest evil of our time, the overcrowding and the 
unhappy condition in which the working classes are living, can be 
alleviated by means of electrical power distribution and traction on a 
comprehensive scale, clearly then it is our duty to see that the path is 
cleared for us to carry out our mission. 

The PREsIDENT: Gentlemen,—May I ask you to give a hearty 
vote of thanks to Mr. Madgen for his interesting paper ? 

Carried with acclamation. 


The PRESIDENT announced that the scrutineers reported the 
following to have been duly elected :— 


Members : 
Major Andrew Bain, E.E., К.Е. | James Ferguson. 


Associales : 


Robert Marshall Carr. William Harold Spencer. 
Alexander Charles Cramb. Christopher Wilson. 
Richard Bertram Leach. Ernest Wilson. 

Henry James Nisbett. 


Students : 


William ]. Daly. Edward Garfield Taylor. 
Thomas Abba Davies. Norman Thirlby. 


Walter William Symper. Francis Edward Wilkinson. 
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DUBLIN LOCAL SECTION. 
(Abstract of Paper read at Mecting of Fune 14th, 1900.) 


THE DUBLIN CORPORATION ELECTRIC LIGHT 
SCHEME. 


By ROBERT HAMMOND, Member. 


Mr. Hammond first Jaid down the general principles that must be 
fulfilled by апу such Corporation scheme. These he enumerated as 
follows : (I.) The service must be uniformly excellent. (II.) It must be 
cheap. (III.) It must be satisfactory to the ratepayer—(a) Бу not 
requiring too large a capital expenditure, (5) by utilising the existing 
plant as far as possible, (c) by disturbing the streets as seldom as 
possible, (а) by providing a good system of street lighting. 

The scheme he proposes fulfils all these conditions: (I.) He 
provides a uniformly excellent service—(a) by the generating works, 
and (5) by the system of fecding he specifies. 

(a) The generating station. He proposes to provide Corliss gear 
with slow-spced plant, because he considers this tends to steadiness of 
pressure and efficiency of engines when plant is on a large scale. He 
has had a considerable experience of both systems under varying con- 
ditions, and that is the result of it. He considers that the plant should 
be specially designed for the purpose in hand, and not a ready-made 
plant. 

(b) The distributing system. "There are to be three triphase trunk 
mains connecting the Pigeon House generating station with a central dis- 
tributing station at the present generating station in Fleet Street. Each 
main is to consist of three conductors, each of o'15 section, which at 
5,000 volts will transmit 1,300 kilowatts in each cable. Тһе works аге 
intended in the first place to generate 2,600 kilowatts, and the cables 
will carry 50 per cent. more, so as to provide for unforeseen con- 
tingencies, such as a breakdown. Тһе cables are to be laid in iron 
troughs filled in with bitumen. From Fleet Street the current is to be 
distributed (still at 5,000 volts) to 19 substations scattered throughout 
Dublin. In these substations the pressure is to be reduced by trans- 
formers and distributed to consumers at 240 volts. The network from 
each of these substations is to be ordinarily unconnected with its 
neighbours, but provision. will be made for interconnections when 
required. This independence of the networks is desirable in order to 
facilitate the location of faults, etc. It is designed that the loss on 
the cable to Fleet Street at top load shall be about 5 per cent., and on 
the longest feeder to a substation 1 per cent. at most. 

(II.) The service must be cheap. "This is secured by (1) as good a 
a load-factor as possible, (2) a large output, (3) raw materials, coal, 
water, etc., as cheap as possible, (4) first-class plant. 
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(1) The load-factor is not under the control of the suppliers, except 
to the extent that they cater for power distribution. This is one reason 
for working a triphase system of rather low periodicity. In the distri- 
bution of electrical energy for both power and light from the same 
mains the sectional area must be such as to keep the losses fairly low ; 
but there is no real difficulty in working a power supply system on the 
electric light mains, as for example at Frankfort. Polyphase systems 
ot distribution are a success on the Continent, as for example at Mainz, 
Manheim, and Strasburg. In Strasburg, for example, there is a threc- 
Phase system of 3,000 volts transformed to тоо. There ооо k.w. are 
transformed to continuous current for the tramcar system. The same 
should be done in Dublin. In Strasburg they produced 1,300,000 units for 
POWer, 1,190,000 units for the trams, and 230,000 units utilised in three- 
Phase motors and transformed on the consumers’ premises. They 
Particularly liked the three-phase motors as being very convenient for 
Power production under a great variety of circumstances. It has been 
doubted whether it is possible to balance the voltage on the three wires 
Oa triphase system satisfactorily when used for electric lighting ; but it 
9 been Proved by actual experience that there is no serious difficulty 
In doing this, With regard to power, it is to be hoped that in Dublin, 
as on the Continent, there will grow up a large demand for power, and 
3 produce a satisfactory load-factor. 

(2) А large enough output is practically certain from experience in 
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DUBLIN LOCAL SECTION. 
(Abstract of Paper read at Meeting of Fune 14th, 1900.) 


THE DUBLIN CORPORATION ELECTRIC LIGHT 
SCHEME. 


By ROBERT HAMMOND, Member. 


Mr. Hammond first laid down the general principles that must be 
fultilled by any such Corporation scheme. These he enumerated as 
follows : (1) The service must be uniformly excellent. (II.) It must be 
cheap. (III.) It must be satisfactory to the ratepayer—{a) by not 
requiring too large a capital expenditure, (5) by utilising the existing 
plant as far as possible, (c) by disturbing the streets as seldom as 
possible, (4) by providing a good system of street lighting. 

The scheme he proposes fulfils all these conditions: (I.) Не 
provides a uniformly excellent service—(a) by the generating works, 
and (b) by the system of feeding he specifies. 

(а) The generating station. He proposes to provide Corliss gear 
with slow-speed plant, because he considers this tends to steadiness of 
pressure and efficiency of engines when plant is on a large scale. He 
has had a considerable experience of both systems under varying con- 
ditions, and that is the result of it. He considers that the plant should 
be specially designed for the purpose in hand, and not a ready-made 
plant. 

(b) The distributing system. There are to be three triphase trunk 
mains connecting the Pigeon House generating station with a central dis- 
tributing station at the present generating station in Fleet Street. Each 
main is to consist of three conductors, each of 0715 section, which at 
5,000 volts will transmit 1,300 kilowatts in each cable. Тһе works аге 
intended in the first place to generate 2,600 kilowatts, and the cables 
will carry 50 per cent. more, so as to provide for unforeseen con- 
tingencies, such as a breakdown. The cables are to be laid in iron 
troughs filled in with bitumen. From Fleet Street the current is to be 
distributed (still at 5,000 volts) to 19 substations scattered throughout 
Dublin. In these substations the pressure is to be reduced by trans- 
formers and distributed to consumers at 240 volts. Тһе network from 
each of these substations is to be ordinarily unconnected with its 
neighbours, but provision will be made for interconnections when 
required. This independence of the networks is desirable in order to 
facilitate the location of faults, etc. И is designed that the loss on 
the cable to Fleet Street at top load shall be about 5 per cent., and on 
the longest feeder to a substation т per cent. at most. 

(П.) The service must be cheap. This is secured by (1) as good a 
a load-factor as possible, (2) a large output, (3) raw materials, coal, 
water, etc., as cheap as possible, (4) first-class plant. 
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(1) The load-factor is not under the control of the suppliers, except 
to the extent that they cater for power distribution. This is one reason 
for working a triphase system of rather low periodicity. In the distri- 
bution of electrical energy for both power and light from the same 
mains the sectional area must be such as to keep the losses fairly low ; 
but there is no real difficulty in working a power supply system on the 
electric light mains, as for example at Frankfort. Polyphase systems 
of distribution are a success on the Continent, as for example at Mainz, 
Manheim, and Strasburg. In Strasburg, for example, there is а thrce- 
phase system of 3,000 volts transformed to тоо. There goo k.w. аге 
transformed to continuous current for the tramcar system. The same 
should be done in Dublin. In Strasburg they produced 1,300,000 units for 
power, 1,100,000 units for the trams, and 230,000 units utilised in three- 
phase motors and transformed on the consumers’ premises. They 
particularly liked the three-phase motors as being very convenient for 
power production under a great variety of circumstances. It has been 
doubted whether it is possible to balance the voltage on the three wires 
of a triphase system satisfactorily when used for electric lighting ; but it 
has been proved by actual experience that there is no serious difficulty 
in doing this. With regard to power, it is to be hoped that in Dublin, 
as on the Continent, there will grow up a large demand for power, and 
50 produce a satisfactory load-factor. 

(2) A large enough output is practically certain from experience in 
other cities where a satisfactory system of electric lighting has been 
installed. 

(3) Command of cheap coal and water is secured by going to the 
Pigeon House, where coal can be delivered from shipboard and water 
for condensing pumped from the sea. Іп addition to these advantages 
the Pigeon House provides land cheap, room for extensions, no trouble- 
some neighbours, and a distance from Dublin of only three miles. 

(4) The plant to be installed is carefully specified to be of first-class 
design. It is to be divided into two sets of 500 k.w. and two of 
1,000 k.w., and alternative tenders are asked for both compound and 
triple expansion engines. It is desirable to have some comparatively 
small units for work during the times of small demand. The specifica- 
tion of the engines and dynamos is drawn up in terms of steam 
consumption per kilowatt. Thesteam is to be superheated about 150 or 
160 degrees. А 26-inch vacuum (with allowance for low barometer) will 
be demanded. It 15 required that the consumption shall not exceed r9 Ibs. 
of steam per k.w. in the compound, nor 17 lbs. per k.w. in the triple 
engines, which works out as 12:11 І.Н.Р, for the double and 10:84 
I.H.P. for the triple expansion engines at an 85 per cent. all-round 
ейсіепсу. Тһе transformer loss need not be great, if we are to judge 
by experience elsewhere, For example, at Leeds, with a high-pressure 
alternating system, the average cost per unit in 1898 was 1'294. genc- 
rated and distributed to consumers, which may be compared with 
Bradford, which has a low-pressure supply for the same period at 1°43d. 
per unit. Of 29 works which produce at a lower cost than 2d. per unit, 
14 are alternating and 15 continuous current, so that there is no 
difficulty about transformer losses. He considered that it should be 
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possible to generate at r'5d. per unit in Dublin. This would be at 
3°37d. with repayment, and if they charged 4:54. for private and 2d. for 
public lighting this would provide 3'424., and thus leave a little for 
contingencies, 

(IIL) He arranged to satisfy the ratepayers in the three ways 
enumerated. 

(a) By not embarking on too large a capital expenditure. This was 
an important reason why he designed this triphase system. Low- 
pressure Continuous-current systems are too expensive in feeders. By 
going to the Pigeon House, as already explained, a small capital 
expenditure on ground was secured. 

(6) He proposed to utilise the existing alternating-current system by 
transformers at Fleet Street. The frequency would be reduced, but 
otherwise the present network, the five transformer stations, etc., would 
be utilised, 

(c) To prevent disturbance of the streets he proposed to lay down 
immediately sufficiently large mains to supply extension for several 
years to come, and to lay the mains in such a sound and secure way 
that there was practically no danger of faults occurring in the streets 
necessitating their being opened for repairs. 

(4) To provide efficient public lighting he proposed substituting for 
the present arrangements a system of 500 arc lamps, utilising the 
existing culverts where possible. These public arc lamps аге to be on 
special circuits separate from the other power and light distributing 
system. 

In conclusion Mr. Hammond defended the general principle of a 
three-wire system of distribution. If out of balance to the extent of 
50 per cent. this would not produce a greater difference of voltage 
than 100 volts, which was only 2 per cent. on the 5,000 volts they were 
installing. The Midland Company, one of the largest schemes recently 
proposed, was providing a balanced three-phase system, and he might 
say that three-phase svstems were almost universally employed now 
with success. 


Mr. А. Е. PORTE congratulated the Section on getting Mr. Hammond 
to come over and unfold his scheme. Не raised questions as to the 
difficulty of getting good foundations at the Pigeon House, and quoted 
some results of borings. He thought it would be interesting to hear 
how this difficulty was to be met. If the strata are as described, there 
would appear to be danger of the clay being worked out by the action 
of the tides. 

He criticised tlie provision for motor load, which he thought was 
very inadequate. He would have been glad to have seen 600 to 
800 Н.Р. provided for this purpose. In Cork, with a population about 
one-third that of Dublin, there was, eighteen months after the opening 
of the station, a motor-load of 400 Н.Р. 

He desired to know why single-phase motors were not more used 
at present on the existing supply. He considered the provision of 
500 arcs as greatly in excess of what could be required. Не agreed as 
to the desirability of specifying 1,000 k.w. units driven by slow-speed 
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Corliss compound engines, but wished to know what efficiency was 
expected from the triple engines on a low load. 

Мг. К. HUMPHRIES spoke as to the effect of the voltage of a three- 
phase distribution system when a large inductive load such as an 
induction motor was thrown in and out of circuit. He had had 
experience on the Dublin Southern Tramwavs with three-phase 
transmission, and knew the variation to be considerable that takes 


place on the terminals at the far end of a cable. The General. 


Electric Company of America had developed a system known as 
the Monocyclic System for just this purpose, to keep the motors and 
lamps on circuit separated from one another. The conditions were 
altogether different to throwing continuous-current motors in and out 
of circuit. Тһе makers were guaranteeing a maximum variation in 
voltage with change of load, but did this refer to an inductive load ? 

Referring to Mr. Hammond's wish for a large load-factor, this was 
exactly what was offered by a combined traction and lighting system. 
Notwithstanding Mr. Hammond's reference for plant made to order, 
he preferred the system of having standard plant, as it could be pro- 
duced of good type much cheaper than special plant, and the fact that 
it was standardised proved that the machinery had well withstood its 
tests. 

Mr. C. P. C. CUMMINS also expressed a decided opinion in favour 
of specifying plant of standard pattern. He had had experience in 
America of the value of standard patterns, and had been strongly 
impressed with their value. He regretted that Mr. Hammond had 
been unable to give some of the figures which so staggered him, when 
considering other systems. | 

Мг. S. А. Млі.РА5 asked whether any difficulty was experienced іп 
getting a sufficient number of competitive tenders, as other efficiencies 
were introduced such as air-pump and condenser efficiencies, and many 
of the smaller manufacturers would decline to tender rather than take 
the responsibility. 

Mr. SAYER questioned the facilities at the Pigeon House for 
delivery of coal, as large vessels could not there come alongside. 
He also desired information as to the facilities for obtaining fresh 
water for the boilers. 

Mr. J. В. Svkss reiterated Mr. Sayer's doubt as to the cheap delivery 
of coal, and further inquired whether the roadway was sufficiently well 
constructed to carry heavy machinery, and asked it a carrying company 
had not raised difficulties as to the delivery of plant. 

Professor С. Е. FITZGERALD (Chairman), in calling on Mr. Hammond 
to replv, congratulated the Section on having had this interesting and 
valuable communication brought before it, and particularly thanked 
Mr. Hammond for the very great amount of trouble he had taken in 
giving them this account of the proposed Dublin supply. Не 
expressed a preference for clothes made to order rather than for ready- 
made clothes, and rather sympathised with Mr. Hammond's views as 
to the desirability of designing plant for the special purpose they were 
to fulfil. He called attention to the value of the work done by scientific 
investigation, in that the two quantities most accurately and easily 
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measured were water and electric energy ; the oldest and the newest 
of measured things—matter and energy. He expressed a hope that 
a three-phase system would be introduced, because the educational 
value of such a complicated svstem, and one whose working was so 
difficult to understand, would be very great, and it would emphasise in 
Dublin the necessity for a sound scientific basis for the education of 
cngineers. 

Mr. HAMMOND replied that as regards the foundation the Corpora- 
tion were acting under the very best advice, and that the citizens might 
be confident that no structures or engines would be erected except on 
perfectly secure foundations, and that there was no serious reason 
to think that the expense of foundations would be excessive. In 
answer to the objection that the installation was not big enough, he 
could onlv hope that it would be much bigger, and that while the 
Tramway Company desired to obtain the supply of power for lighting 
Dublin, the Corporation were desirous of obtaining the supply of power 
to the tramways. One of the reasons why single-phase motors were 
not more used in Dublin was on account of the high frequency of the 
present supply; with the lower frequency proposed he expected a 
considerable development of their use. He did not think they were 
proposing too great a number of arc lights for a city like Dublin, and 
the power involved was so insignificant that it was undesirable to 
restrict the number below what might be of service. There had been 
no difficulty at all in getting contractors to undertake to deliver 
heavy goods at the Pigeon. House, which, notwithstanding the 
various criticisms was, in every way suitable for ап installation, 
being nearer the distributing area than most new installations in 
large cities, which were gradually being moved outside the cities 
for the sake of space and other facilities. In conclusion he expressed 
the pleasure it had given him to make this communication to the 
Dublin Section. 

A cordial vote of thanks to Mr. Hammond for his exceedingly 
interesting paper was afterwards carried by acclamation. 
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Paper read at Meeting of Section, Запиагу 14, 1901. 


ELECTRICALLY-DRIVEN MACHINE TOOLS, AND 
THEIR ADVANTAGES FOR USE IN 
ENGINEERING WORKSHOPS. 


By G. RALPH, Associate-Member. 


Although the subject chosen is of great importance, 
particularly in great engineering centres like Newcastle-on- 
Tyne, the author feels that an apology is due to the Local 
Section of the Institution of Electrical Engineers for the 
character of the paper, since there is little or nothing in it 
which is not already well known to many. 

Owing, however, to the list of papers for the Session 
being somewhat scanty, it was necessary for some one to 
make an offer, and the author hopes that his attempt may 
be the means of inducing others to produce something 
better. 

Before describing the methods of gearing and applica- 
tion of electric motors to various purposes in the engineering 
shops, it may be well to draw attention to some of the 
points which appeal most strongly to a works manager in 
favour of electrical driving. 

One of the foremost of these is the ease with which 
machines may be so arranged with reference to one another 
as to facilitate the “ following on” of work from one tool 
to another, without an excessive amount of handling, either 
by manual labour or by overhead cranes. Where all the 
machine tools are driven from line shafting, they must 
follow a more or less rigid arrangement in lines parallel to 
the shafting, which is not by any means the most convenient 
Way 1n many cases, although this arrangement has become 
SO general from years of use that it does not at once strike 
the casual observer that it is inconvenient. 

Many shops are built in two bays, only one of which is 
served by overhead travelling cranes, while the main shafting 
I5 erected in the other bay, and thus most of the machines 
are collected together in or near that bay. Where the height 
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of the shops is limited, as is often the case when the building 
has two or more stories, it is impracticable, in many in- 
stances, to place machines on the far side of the bay served 
by the travelling cranes, owing to the difficulty of getting 
belts across from the line shafting. The author is, of course, 
aware that this difficulty does not exist in large shops where 
there is plenty of head room, as a second line shaft can be 
erected below the traveller gantry on the walls or columns. 
But one cannot make more head room if it does not exist, 
and has to make the best of circumstances. Іп such cases 
the application of electric motors to individual machines 
proves of great advantage. 

Taking a case which came under the author's notice 
some time ago as an instance. It used to be necessary to 
transport all the heavy magnet-castinys from the planing- 
machines at one end of the shop by hand travelling cranes, 
to a large radial drill at the opposite end. After drilling, 
these had to be brought back again to the boring machines 
near the place where they started from. It was decided to 
move the radial drill from that position to a point about 
midway between the planing and boring machines on the 
opposite side of the bay. These large masses of material 
now only have to be lifted across to the other side of the 
bay for drilling, and zig-zag back again for boring, instead of 
being twice carried almost the full length of the shop. This 
instance gives some idea of the convenience of being able 
to group machines together in the best manner. It would 
have been impracticable to drive this radial drill from the 
line shafting in its new position in this particular case. 
Several other tools were moved to new positions from the 
same considerations, and this resulted in much less handling 
of material and in greater output. Those of us who are 
engaged in the manufacture of heavy machinery will know 
that the proper supply and following on of work from one 
machine to another is second only in importance to the 
output of the machine tools, from a commercial point of 
view. As it has been very aptly put in an article by Mr. 
Hutton, in one of the engineering magazines, “the pro- 
ductive shop, being a tool, can be regarded as a machine, 
to be designed for a specific purpose. In this design the 
special tool is the cutting edge, while the internal system of 
transportation, whereby work is brought and presented to 
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the special tools, may be regarded as the feed motions of the 
machine." 

Another great advantage of applying separate motors to 
individual tools is the ease with which the speed of the 
machine can be varied without the necessity of shifting 
belts on the cone pulleys. The average machine-hand will, 
in most cases, not take the trouble to shift his belt to suit 
the size of work unless closely and constantly watched by the 
foreman; but give him a small regulating switch close to his 
hand, when he has only to give a knob a quarter turn to 
increase his speed by 25 or 50 per cent., and he will do it. 

Many motors for machine tool driving are so constructed 
that the speed may be increased to double the normal speed 
simply by varying the exciting current in the shunt winding, 
which is, of course, much more efficient than inserting 
resistance in the main circuit for varying the speed. If, in 
addition to this, the motor-armature be double-wound with 
two commutators, a variation of 1:4 or more can be 
obtained, since, by connecting the windings in series or 
parallel, the speed can be halved or doubled as desired. 
Also the graduations of speed can be made much finer than 
by step cones and back gear, so that it is possible to get the 
correct speed for almost any variety of work put on the 
machine. It is quite a common thing to have 15 or 20 
steps on the regulating switch, and an equivalent number of 
different speeds. While speaking of this matter, it may be 
mentioned that machine tools might in many cases be much 
improved in this respect for ordinary belt driving; the 
graduations of speed on many lathes, &c., are not satis- 
factory, and the machine tool makers seem to have paid 
very little attention to this point in the past, although it is 
receiving more now. | 

The possibility of a wide range of speed is, in the 
author's opinion, a very strong argument in favour of 
continuous current motors in engineering works as against 
alternating current motors. With single phase motors, 
whether synchronous or self-starting induction motors, it is 

not practicable to vary the speed, since both classes depend 
more or less on running in step with the generating plant. 
With two- and three-phase motors the same objection exists, 
though not in the same degree. The speed can be varied 
by special devices, but the author understands that when 
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running below their normal speed they are very inefficient. 
He has no actual experience with them, and it will be very 
interesting. probably to most of us if anyone can give 
further information on this point in the discussion. The 
author regrets that he has to confess his ignorance on this 
subject; but, according to President Perry's address, many 
other engineers are in the same lamentable state. This is 
not a paper on the relative merits of direct and alternating 
current supply for motors; but the question of speed 
variation is one which should not be lost sight of by 
engineers when debating which system to install in their 
workshops or shipyards. 

білсе writing this, the author has read the excellent 
paper given before the Manchester Section of the Institution, 
by Mr. H. A. Earle, on the relative advantages of direct and 
alternating current distribution, which states in a much 
better and clearer form than has hitherto been published 
the points for and against each system. 

Another advantage of applying separate motors to in- 
dividual machines is found when it becomes necessary to 
work overtime in the shops. It may so happen—and often 
does in the author's experience—that, although the shops in 
general are not overcrowded with work, a tremendous 
amount may have accumulated for some particular class or 
group of machines. Ц is obviously very uneconomical to 
run the whole of the shafting, belting, main engines and 
boilers for the sake of one or two machines till seven or 
nine o'clock every evening, but yet the work must be got 
through. One cannot purchase new lathes or boring 
machines at a few days’ notice—in this country, at any 
rate—nor would it be advisable or profitable to do so, if 
the large increase in this particular class of work is merely 
temporary, as is generally the case. But if the works 
manager be fortunate enough to have these machines 
electrically driven by their own special motors, his difficulty 
is solved, for it is possible to work any amount of overtime 
without serious increase of establishment charges. More 
fortunate is he still if a supply of energy be available from 
а storage battery or from the town mains. It is then 
possible to run night and day by putting a double shift of 
men on, until the accumulation of work at these machines 
has been got rid of. И is even possible to take advantage of 


1901. ] AND THEIR ADVANTAGES. 549 


a double shift on machines which are driven from the main 
shafting, as a rule, by putting down a temporary motor on 
the floor to drive the machine at night, while through the 
day it may be driven either from .this motor or from the 
shafting as before. 

Just now, at the works with which the author is con- 
nected, there is a large amount’of work for which only two or 
three machines in the shops are well adapted, so two of these 
have been running night and day for some months past. 
One 15 a horizontal boring mill, which is always driven by 
its own motor; the other is a large face-plate lathe of the 
ordinary pattern, usually driven by belt from the shaftiny. 
At night, the belt 1$ left on the loose pulley of its counter- 
shaft, and a belt is slipped on to the fast pullev from a 
portable motor—with spur reduction gearing attached— 
which is spiked down to the floor behind the lathe. The 
starting and regulating switches are temporarily fixed on the 
front of the lathe headstock, convenient to the man's hand. 
These machines and the necessary lights are run from the 
storage battery at present. Probably, before long, the 
continuous-current supply from the Newcastle Electric 
Supply Company will be available for this or any other 
purpose. Again, in the event of an urgent repair or break- 
down, work must sometimes go on without intermission, 
and in such cases it is very convenient to be able to put 
down a motor at an hour's notice, to run any machine all 
night. A few weeks ago, a motor at one of the shipyards 
on the Tyne got accidentally damaged by water or otherwise. 
The field-magnet coils were brought to the works at 4 p.m. 
to be rewound, and were wanted as early as possible the 
next morning. Shortly after 5 p.m. the magnet-winding 
lathe was belted to a motor and ready for running all night, 
and the repairs effected by 6 o'clock next morning. 

_ It often happens that contracts are taken for manufactur- 
Ing machinery of a larger size than any of the regular tools 
in the shops are capable of dealing with. It is then a case 
of r igging up special appliances, and carrying them to the 
castings to be operated on. For instance, some large steel 
rings for the yokes of multipolar dynamos were far too large 
for any of the lathes òr boring machines to deal with. Soa 

Oring bar was made, with standards easily adjustable for 
height ; the magnet-rings were fixed to the slide-rails of the 
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testing-bed, and the boring bar driven by a motor, put 
down temporarily for the purpose. The work was very 
satisfactorily performed, which otherwise would have had to 
be sent to some other engineering works where much larger 
machine tools were available. 

It is now considered much the better plan in works 
where very large dynamos and alternators are constructed, 
to employ portable electrically driven tools for slotting, 
drilling, and planing the large castings necessary. These 
portable tools are grouped about the casting, and, in many 
cases, two or more can be operating simultaneously. For 
instance, one machine may be planing or slotting the face of 
the half ring, while another is drilling holes through the 
body for bolting the pole pieces on.. Portable tools of this 
description are employed in practically all the large electrical 
works at home and abroad. There can be no question that 
this is the proper method of dealing with large castings. 

The question as to whether every machine tool should 
have its own separate motor, or whether groups of machines 
should be driven from a line shaft to which one large motor 
is belted, has been frequently discussed, and it 1s to be hoped 
that views on the subject will be expressed to-night. There 
is much to be said for both systems. In the author's 
opinion no hard and fast rule can be laid down ; each case 
must be dealt with on its merits, as the circumstances vary 
so much, especially when converting an old shop to electric 
driving. As a general rule, it would appear that all large 
tools demanding, say, 2 H.P. and upwards, may very suitably 
have their own motors. Тһе loss of power in driving long 
lengths of shafting and belts апа countershafting is a very 
large proportion of the total power developed in most cases. 
Theauthor is aware that this statement is often rather pooh- 
poohed by mechanical engineers, and said to be exaggerated. 
But it is a very easy matter to prove our statements. The 
readiness with which the power used can be measured 
(when electricity is the motive power), for all the varying 
conditions under which workshops run is in itself an advan- 
tage. In а paper read before the American Society of 
Mechanical Engineers, Professor Benjamin stated that in 
six shops taken at random, where heavy machine work was 
done, an average of 62 per cent. of the power produced was 
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used in driving the shafting. Іп опе case the loss was 80 
per cent. 

The author has made some tests recently, the results of 
which are given below. A length of roo ft. of 23 in. diam. 
shafting, running at 150 revolutions per minute, to which 
twenty-four machines were belted, took to drive it light, 
45 per cent. of the power necessary when all the machines 
were in use. In another case, the power taken to run the 
shafting and belting on the four floors of a works was 56 per 
cent. of the average power required when the shops were in 
full swing. Тһе motor used for driving was belted to the 
centre of the shafting on the first floor. On the ground and 
first floors the shafting is 23 in. diam., and a total length of 
240 feet, running at about 130 revolutions per minute. To 
this shafting are belted 71 machines of all classes, the ground 
floor chiefly lathes and planers, and the first floor light brass- 
finishing machines chiefly. There is about тоо feet of 21n. 
shafting on the second floor, running at 150 revolutions per 
minute, driving twenty-one machines, chiefly for brass- 
finishing work and magnet-winding ; and a short length of 
14 in. shafting on the third floor. Тһе loss of power in the 
line shafting and belting is going on continuously during 
working hours; whereas, with. motors to individual tools, 
whatever loss there may be in the leads, motors, and 
reduction gearing, 18 not continuous, for the motors are 
stopped when the machine is not at work, through changing 
work, or setting fresh tools, &c. There is thus а further 
gain in this respect. 

With regard to the total h.p. of inotors installed, and the 
average power used, it is in most cases possible to put down 
a much greater collective h.p. іп motors than the power 
station is capable of supplying, for it seldom happens that 
the whole of the motors are called upon to develop their full 
power simultaneously. Тһе ratio seems to vary within 
Pretty wide limits, It is stated that in the Baldwin Loco- 
mofive Works only 1,300 h.p. serves about. 3,109 h.p. of 
motors, a ratio of. 1:2*5. In the Bullock . Electrical 
Manufacturing Company's Works it is stated that for 127 
h.p. of motors and lighting installed, the average load for 
working hours is only 27 h.p., a ratio of 1:48. This ts 
rather a different case, . however, since the lighting 15 
included, Probably a ratio of 1:2 will in most cases be 
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ample allowance for a shop using separate motors to each 
machine, the amount of power for lighting not being 
included. 

Until electric motors came into use for driving 
machine tools, very hazy notions seemed to prevail as to 
how much power a machine of a certain class or size 
demanded, and those who were least well informed were 
frequently the makers of the machines. А somewhat 
striking instance of this may be mentioned. А special 
form of grinding machine, for trueing up the edges of 
armour-plates, was put down at some steel works. Тһе 
manager asked how much power would be required, and 
the makers told him 6 h.p. He thought he would be on the 
safe side, so ordered a motor to develop то h.p. When this 
was put to work complaints were made to the electrical firm 
who made the motor that it would not do its work ; and as 
this was their first experience of electrical driving, and they 
were contemplating putting in a big power plant, they were 
much perturbed, and did not think electric driving was up 
to much. The electrical firm was very anxious to reassure 
them on this point, and the author was sent down to in- 
vestigate matters. It was found that the motor was supplied 
with current from a small engine and dynamo of about 25 
or 30 h.p. used for lighting, and the grinding machine was 
demanding more energy than the engine was capable of 
developing, and practically pulling it up short every few 
minutes. This was explained and demonstrated to the 
directors and managers, and permission was given to couple 
the motor up to a much larger dynamo used for welding. 
It was then found that the grinding was done in a highly 
satisfactory manner, but the motor was absorbing nearer 35 
or до h.p. than the ro h.p. for which it was built. It con- 
tinued to do this for some months, occasionally demanding 
even бо h.p.—a striking testimony surely to the good qualities 
of the motor. - This result was highly satisfactory to all 
parties concerned, as there is now a power station with four 
sets of 200 h.p. each, and a corresponding load of motors 
for driving machine tools of all classes. 

Let us pass on to the various applications of electric 
power. Travelling cranes are now almost invariably driven 
by electric motors, and every one agrees that this is an ideal 
method of applying power to this class of machinery. The 
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question of three-motor versus one-motor cranes has been 
much discussed. Possibly we shall have further discussion 
to-night. Тһе balance of opinion seems to be in favour of 
three-motor cranes, though the one-motor type can be made 
to work quite as satisfactorily, in spite of what interested 
parties say. Опе firm of crane-makers who advocate the 
three-motor type to the exclusion of the other, built one ot 
their earliest—31if not the very first—cranes for а single-motor 
drive, апа their experience. with this has apparently been 
sufficient to change their views utterly. But the fault did 
not lie in the single-motor drive ; it was the bad design and 
workmanship of the mechanical parts of the work—gearing, 
clutches, etc.—which caused the whole of the trouble. The 
author speaks feelingly, as this particular crane was a source 
of continual worry and trouble for over a year while under 
his control, until another firm practically rebuilt the crab, 
remodelled the gearing, etc. 

If it be a case of putting in an entirely new crane, pro- 
bably the three-motor type is advisable; but where an existing 
crane has to be altered from, say, a square-shaft drive, it is 
decidedly simpler and more economical to apply a single 
motor to drive the transverse shaft, and leave all the gearing 
and clutches as before. The author has had experience 
with several highly satisfactory examples of this arrange- 
ment. Liquid switches are a very convenient form of 
controlling gear for crane motors. 

One or two somewhat interesting applications of motors 

to cranes have been made at Messrs. J. H. Holmes and 
Co.’s works. Іп the machine shop there are three Tangye 
hand travelling cranes in one bay. Since the time these 
were put up, the size of dynamos constructed has increased 
so enormously that it was a very slow business handling the 
heavy castings now dealt with. It was a somewhat difficult 
problem how to apply motors to the lifting motion, owing to 
the limited space between the crane girders, and the absence 
of head-room. However, a motor was suspended under the 
girders in a wrought-iron framing bolted to the crab. Аз 
this was of necessity somewhat lacking in rigidity, a spur or 
worm-gear reduction was out of the question. So an 
ordinary r-inch pitch bicycle chain gear was used to 
transmit the power from the motor shaft to the hoisting 


gear. A stock size of sprocket wheel was screwed on the 
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motor shaft, and a steel disc about 18 inches diameter was 
cut in the milling machine to fit the chain, and this was 
fixed to the hoisting spindle. 

A s-ton traveller was first altered in this way, current 
being supplied to the motor through a flexible cable from a 
plug and socket on the wall near the works entrance, where 
most of the loading and unloading is done. It proved so 
successful, however, that wires were soon stretched along 
the shop in the usual way, so that the motor could pick up 
current, and the power lift be used from any position in the 
shop. A 3-ton crane has also been fitted. with the same 
arrangement. Тһе third crane in the bay has not been so 
htted, and it is interesting to see how the shop labourers 
will always go and fetch one of these power-cranes from the 
other end of the shop if any heavy stuff has to be lifted, 
rather than use the hand-crane which happens to be close 
by. It should be made clear that electric power is only 
applied to the lifting of these cranes, and not to the travel 
and the traverse of the crab. The saving of time in lifting 
heavy weights is enormous. Тһе motors are series wound, 
so the speed of lift automatically regulates itself accordingto 
the load to be lifted. ; 

Another rather novel application of power has been 
made to a similar 3-ton hand crane on the floor 
above. It used to be a very slow, laborious job to lift 
heavy machinery from the ground floor to the first floor 
through a hatchway, the height of the lift being about 
18 feet. So a motor was fixed down permanently on the 
floor at one end of the hatchway, and a cast-iron pocket 
wheel to fit the hand hauling chain was keyed to the motor 
shaft. The motor is fixed in such a position that when the 


hauling chain has been slipped over the pocket wheel, and 


the crab moved slightly across the shop to tighten the chain 
sufficiently, the crane hook is in the centre of the hatchway. 
By this means a load can be lifted from the ground floor in 
about two minutes, which formerly used to take four men 
about half an hour to do. Of course, in this instance the 
power lift is only applicable at this particular spot ; but, to 
enable loads to be moved about the shop, it is usually only 
necessary to raise them a few inches from the floor, which 
is not a long operation by hand. А similar arrangement has 
been fitted to a crane on the second floor also. 
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One very neat method of applying motors to machines is 
to suspend the motor on a hinged frame attached to the 
joists under the floor, and drive by a belt coming up through 
the floor. The weight of the motor keeps a tension on the 
belt, and, of course, with a large motor it must be partially 
counterbalanced to prevent too great a tension. Several 
machines in the pattern shop at Messrs. |. Н.Н. & Co.'s аге 
driven in this manner, there being a basement below the 
shop. Circular saws and band saws are so driven, and a 
great deal of floor-space is thus saved. 

There is a somewhat novel application of a motor in the 
pattern’ shop. It was necessary to provide a much larger 
lathe for turning up big magnet-ring patterns and similar 
things, and, as there was а five-horse power slow-speed 
motor available—the normal speed being 150 revolutions 
per minute—it was mounted on a cast-iron stool, and a disc 
flywheel attached to the armature shaft direct, to form а 
chuck or face-plate, to which work could be fixed in the 
usual way. Proper provision was made, of course, for 
taking up all end-play of the armature. Some dynamo slide 
rails were bolted to the floor in front of the motor, and a 
cast-iron pillar to support the T-rest can be moved in any 
direction on these rails to suit the work. This novel lathe . 
will swing work up to about seven feet diameter, and has 
proved very successful. Тһе speed can be varied from 150 
to боо revolutions per minute by shunt-resistance. Ап 
ordinary lathe to swing this diameter of work would have 
been an expensive matter. Also, it was possible to fix this 
close against the wall, thus taking up much less space than a 
lathe would occupy. 

А radial drilling machine for drilling and tapping up to 
2 in. diam. holes is driven by a two horse-power motor, the 
gearing being а Hans Renold silent driving chain. The 
motor is mounted on the cast-iron box containing the gear 
wheels of the machine at the back of the pillar, the distance . 
between centres of motor and machine shafts being only 
about two feet. The starting and speed regulating switches 
are mounted on the pillar, close to the man's hand. 

While speaking of drilling machines, mention should be 
made of the application of electric motors and flexible shafts. 
The motors are usually mounted with their reduction gear 
complete on wheels, so that they can be readily run about 
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from one place to another. The “Stow” flexible shafts are 
usually about eight feet long, and are coupled to the motor 
shaft by а universal joint coupling. The shaít may be 
curved and bent in any direction, and with a suitable drill 
press, holes up to 2 in. diam. can be drilled with а 13 h.p. 
motor. Тһе convenience of these outfits іп shipbuilding, 
bridge, and building construction can only be realised after 
they have been employed. The current is conveyed to the 
motors by an armoured flexible cable, which may be of any 
length required. Smaller motors and flexible shafts for use 
with a breast drill press, for holes up to $ in. diam. are also 
largely used. In many cases a self-fixing magnetic. drill 
post can be used with advantage in place of the ordinary 
“swan-neck.” These magnetic pillars or posts hold on 
with an astonishing force. The author tested one in drilling 
a hole r3 in. diam. in cast iron, the magnet only taking 
rather less than т ampere at 120 volts. Тһе weight of the 
post was about 50 lbs., and it required a direct pull of 16 cwt. 
to detach it from a rough machined steel surface. 

Another very neat portable drilling tool was brought out 
a year or two ago by one of the leading electrical firms in 
the country, for drilling small holes rapidly in the thin deck 
plating of torpedo boats. This motor and reduction gear 15 
enclosed in a metal case, with the drill projecting at the 
bottom. There are two handles, one at each side, on which 
the workman presses when driling, and by which the 
machine is carried from point to point. И only weighs 
about бо lbs., if the author remembers rightly. A test, made 
in one of the shipyards on the Clyde, proved that about 600 
holes 3/16 in. diam. could be drilled through a plate $ in. 
thick in one hour. 

Perhaps driving a planing machine with a separate motor 
is about the most severe work to which a motor can be put, 
as the load at the moment of reversal with a great weight on 
the table runs up to three or more times the normal current. 
If a motor drives the planer by open and crossed belts, and 
runs continuously in the same direction, a heavy flywheel 
on the motor shaft is of great assistance in helping it over 
this sudden strain. In one case with which the author had 
to do, a very large vertical and horizontal planer—or wall 
planer, as it is sometimes called— was driven bya compound- 
wound motor, with the series helping the shunt, and thus 
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the considerably higher speed at which the motor runs at 
light load was of advantage in the return or non-cutting 
stroke. 

Another case of power being under-estimated by the 
machine tool makers was in the case of a slab milling 
machine for milling surfaces up to 18 in. or 20 in. wide. 
For a specified depth of cut and rate of feed they estimated 
it would require 6 h.p. to drive it, whereas it was found that 
the power absorbed was nearer IS һ.р. Two motors were 
applied to this milling machine eventually, one to drive the 
cutter and the other—a smaller one—to drive the feed 
motion and table. In both cases the speed could be varied 
within very wide limits by means of resistance in the shunts. 
The feed and speed being entirely independent, was found 
ofgreat advantage in this case. А comparison was made 
between a slab milling machine, using a fluted spiral cutter 
of the ordinary pattern for heavy work, and a machine which 
was really a cold sawing machine, but which was fitted with 
a milling or facing head, having inserted tools or cutters. 
It is interesting to note that the latter class of milling only 
absorbs about one-half the power for a given weight of 
material removed in a given time. "This is due to the fact 
that the cuttings are much larger and thicker, similar to the 
cut of a lathe or planer, while the ordinary milling cutter 
removes the metal in very much finer particles. 

Horizontal boring and drilling machines can very suitably 
have the motor mounted on the rising and falling head or 
saddle of the machine, and geared direct by spur gearing. 
А machine of this class has been so fitted recently. It was 
formerly driven from the main shafting and a countershaft. 
A jockey pulley and weight arrangement was necessary to 
keep tension on the driving belt, for, when the saddle of the 
machine was raised or lowered to suit the work, the length 
of the belt varied greatly, the drive being at an angle of 
about 60 degs. The application of the motor has dispensed 
with this unsightly arrangement, and has enabled the 
machine to be moved to a more convenient position at the 
opposite side of the bay. 

It is sometimes more convenient for lifting work on and 
off certain classes of machines—say, horizontal lathes and 
radial drills—if they are fixed at right angles to the walls or 
columns. This is not usually very practicable with belt 
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driving from the shafting, but can be readily arranged when 
driven by separate motor. А boring mill was arranged іп 
this manner recently, the countershaft being supported at 
one end by a hanger bearing under the travelling crane 
gantry and at the other end by a pedestal bearing fixed on 
the top of the boring mill Тһе motor was fixed on an 
angle bracket bolted to the side of the machine, and is belted 
to the countershaft by a short belt. The switches are 
arranged at the opposite side of the machine, near the feed 
handles, &c. 

In the case of very large and comparatively slow running 
lathes and boring mills, a motor 1s sometimes coupled direct 
to one of the cone pulleys of the machine, and mounted on 
a bracket on the wall, to drive down to the cone pulley of 
the machine. Or, if a motor with very large range of speed 
be used, it is coupled direct to the lathe gearing, and so 
dispenses with the cone pulleys and belt altogether. Some 
very large lathes for ordnance work had hinged frames 
attached at the back of the headstock. A cone pulley 
corresponding to the lathe cone was fitted оп the motor 
shaft, and the motor mounted on the hinged frame. The 
weight of the motor then kept the requisite tension on the 
belt, as it tended to fall away outwards from the headstock. 
A very short belt was sufficient, and the arrangement took 
up very little space. In connection with one of these large 
lathes, when first fitted with a motor the workman in charge 
was very sceptical about how much work he could turn out 
of his lathe. He asked how big a cut he might put оп with- 
out pulling it up, and was told to put on all he could. He 
was turning a heavy gun forging of about 30 tons, and there 
were two saddles on the lathe with four tools in each. When 
he got them all taking their full cut he was very much 
astonished that it apparently made not the slightest difference 
to the motor, which, of course, ran as quietly and practically 
at the same speed as before. He was genuinely converted 
to electric driving. 

A very convenient little tool can be made by mounting a 
small motor, say 1 h.p., on a square steel bar, and attaching 
an emery wheel direct to the armature spindle. If any lathe 
centres have to be trued up, this apparatus can be bolted on 
the tool post of the saddle, and readily used to grind up the 
live centre, 
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Nothing has been said about the relative merits of various 
forms of gearing, as this seems rather outside the scope of 
an electrical paper. The question as to which is best suited 
for a particular purpose depends largely on the circum- 
stances of each case; but direct-coupling, belting, pitch 
chains, Hans Renold chains, spur worm and friction gear- 
ing, have all been used with very satisfactory results in 
electrically-driven machine tools. . The author may mention 
that a most interesting friction gear for reducing speed has 
recently been brought out by a gentleman named Brown, 
andis called the “Twentieth Century Gear.” It seems to 
have some excellent points for use in connection with small 
high-speed motors, though no figures are available yet as to 
its wearing qualities. It is an internal rim friction device 
with three rollers, two of which revolve on fixed spindles, 
while the other is free to change its position somewhat 
according to the torque. The low-speed friction driven rim 
or pulley is concentric with the motor spindle, and takes up 
no more space than an ordinary pulley would do. The 
efhciency seems to be remarkably high. Worm gearing 15 
often employed where a very large reduction of speed is 
necessary, and in cases where itis important that motion 
cannot be transmitted in the opposite direction, for instance, 
in hoisting motions of cranes, where the load will be self- 
sustaining, with a single or double-threaded worm. Worm 
gear is somewhat expensive to make. Spur gearing is largely 
employed, and cut gears are used in nearly all cases for high- 
speed work. Тһе use of raw-hide pinions has proved of 
great advantage in motor reduction gearing, and runs very 
quietly. Chain gearing is very suitable in many cases where 
the drive is short, though too great or not rigidly enough 
fixed to enable spur gearing to be used. It is generally 
less noisy than spur gearing, and has the advantage of 
positive drive, which belting has not. Direct-coupled motors 
are useful for machinery which runs at a high speed, such as 
fans, blowers, grinding machinery, &c. For slow-speed 
machinery they become very heavy, and, of course, more 
costly, and rather less efficient ; though the absence of noise 
and wear and tear of gearing, &c., compensates for these 
points in many cases. 

In conclusion, itis not necessary to dwell upon the advan- 
tages of electric power transmission in general, over shafting 
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and gearing in factories—these are becoming fully recognised 
in all branches of manufacture, and the reasons are not 
difficult to find. In nearly all cases works grow in size, and 
are extended and added to bit by bit. А new pattern shop, 
new foundry, or a shop for any special purpose may be built 
quite apart and any distance from the main building. It is 
hardly necessary to state how much easier it is to provide 
these detached shops with power by means of a couple of 
wires and а motor, than in the old method of erecting a 
long line of steam piping or line of shafting, involving 
perhaps the use of bevel gearing or half-twist belts, to say 


` nothing of the difference in efficiency. If works were put 


Mr. Moir. 


down at the outset for the maximum output they were ever 
to attain, some of these advantages of electric driving would 
disappear ; but is this ever the case in business ? A works 
must grow, like everything else, in the natural course of things. 

Everyone engaged in the trade—or shall we say, “ pro- 
fession ? "—of electrical engineering is anxious to see the use 
of motors extended, and if this short paper prove of some 
slight assistance towards that desirable end, by directing 
attention to their application to this special class of work, 
the author will not have occupied your time in vain. 


We are indebted to the courtesy of Messrs. J. H. Holmes 
and Co. for the series of lantern slides with which the paper 
has been illustrated. Many of these have been specially 
prepared during the last week for the purpose by their works 
photographer. 


Mr. ALEX. MOIR : I think Mr. Ralph's paper has been an eminently 
practical one, all the greater in value because it has dealt to a great 
extent with motors in actual use at Messrs. Holmes' works. Recently 
I had an opportunity of going over a new and fairly large printing 
works in Yorkshire, where electric driving had been adopted. Each 
printing-press was supplied with an independent motor, and the pro- 
prietors, who had carefully balanced the relative advantages and costs 
of steam and electricity, were more than satisfied with the result of 
their decision in favour of the latter. They had saved considerable 
capital outlav, and owing to its being possible to run just such motors 
as were really required to do actual work, at any hour of the day or 
night, without having to pay for attendance upon a steam engine plant, 
turning round shafting that would sometimes have been only very 
lightly loaded, real economy had been effected. Оп the other hand, 
an instance recently came under my notice which proved, as Mr. Ralph 
has indicated, that electro-motors cannot compete at present with other 
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descriptions of motive power, unless the economies that the use of 
motors renders possible can be practised. In this case a gas engine 
was used for driving a central shaft from which several light machines 
in a machine-tool shop were driven. The weekly gas bill was ЖІ 155. 
To have replaced this engine Бу a single motor—it was not possible to 
use more than one—would have cost, at existing Tyneside energy rates, 
just £4 per week. 

Mr. C. TURNBULL : I think the tendency in the future will be 
more and more to use portable electrically-driven tools, especially 
for big work. By this means the weight of heavy castings will cease 
to be a cause of great expense іп working, as they will not need 
much moving. Mr. Ralph mentioned a case in which a temporary 
lathe was rigged up for boring out a magnet, and it answered very 
well. "The question arises, Why not always use such methods and 
save the cost of large tools? It would seem also that, in works 
where dynamos аге made, generator-sets on test might be used to 
provide power for use in the factory. If this could be done, instead of 
all the power being sent to waste, there would be a great saving. Тһе 
voltage could be adjusted by negative or positive boosters, while the 
load could be kept fairly steady by means of supplementary resistances. 
Integrating wattmeters could be used to measure the energy given off 
by the generator, so that there would not be trouble from unavoidable 
variations in the current due to machines driven from the generator 
stopping and starting. 

Mr. Е. BROADBENT : I agree with the previous speakers as to the 
practical nature of this paper by my colleague, Mr. Ralph. It is all 
the more valuable in that it tells us what has actually been done and 
proved by experience to be good rather than theorises as to what might 
be done. Ц is a little disappointing, however, that no general prin- 
ciples arc laid down as to the best methods of motor driving, the facts 
being in most cases merely stated and no conclusions drawn. 

In most of the examples given the question of convenience appears 
to have been the chief consideration rather than that of cost: that is to 
say, that it has gencrally been found more convenient, having cables 
handy and a scrap motor in stock, to make use of these instead of 
fitting up new shafting and pulleys to drive the particular machine 
under consideration. In many of the examples given the combined 
machine and motor have no doubt paid for themselves in a very short 
time, and this, I believe, applies more particularly to the boring mill 
mentioned, which paid for itself on its first job. We cannot, however, 
generalise from these data, and say that it will always pay to drive a 
boring mill by a motor. No;the special conditions obtaining in this 
case are responsible for the success. This bears out Mr. Ralph's 
remark that each case must be considered on its merits. Apart from 
special conditions, however, one would think that some general rule 

might be made for machine tool driving in ordinary engincering shops 
аз to the smallest size of motor it is practicable and profitable to usc. 
It is on this point I should like to have heard morc. 

As to the losses in shafting, we have come to believe that so per 
cent, is a fair average efficiency to obtain for shafting, and I was somc- 
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and gearing in factories—these are becoming fully recognised 
in all branches of manufacture, and the reasons are not 
difficult to find. In nearly all cases works grow in size, and 
are extended and added to bit by bit. A new pattern shop, 
new foundry, or a shop for any special purpose may be built 
quite apart and any distance from the main building. It is 
hardly necessary to state how much easier it is to provide 
these detached shops with power by means of a couple of 
wires and а motor, than in the old method of erecting a 
long line of steam piping or line of shafting, involving 
perhaps the use of bevel gearing or half-twist belts, to say 


` nothing of the difference in efficiency. If works were put 


Mr. Moir. 


down at the outset for the maximum output they were ever 
to attain, some of these advantages of electric driving would 
disappear ; but is this ever the case іп business ? A works 
must grow, like everything else, in the natural course of things. 

Everyone engaged in the trade—or shall we say, “ pro- 
fession ? "—of electrical engineering is anxious to see the use 
of motors extended, and if this short paper prove of some 
slight assistance towards that desirable end, by directing 
attention to their application to this special class of work, 
the author will not have occupied your time in vain. 


We are indebted to the courtesy of Messrs. |. H. Holmes 
and Co. for the series of lantern slides with which the paper 
has been illustrated. Many of these have been specially 
prepared during the last week for the purpose by their works 
photographer. 


Mr. ALEX. Morr: I think Mr. Ralph's paper has been an cminently 
practical one, all the greater in value because it has dealt to a great 
extent with motors in actual use at Messrs. Holmes’ works. Recently 
I had an opportunity of going over a new and fairly large printing 
works in Yorkshire, where electric driving had been adopted. Each 
printing-press was supplied with an independent motor, and the pro- 
prietors, who had carefully balanced the relative advantages and costs 
of steam and electricity, were more than satisfied with the result of 
their decision in favour of the latter. They had saved considerable 
capital outlav, and owing to its being possible to run just such motors 
as were really required to do actual work, at any hour of the day or 
night, without having to pay for attendance upon a steam engine plant, 
turning round shafting that would sometimes have been only very 
lightly loaded, real economy had been effected. On the other hand, 
an instance recently came under my notice which proved, as Mr. Ralph 
has indicated, that electro-motors cannot compete at present with other 
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descriptions of motive power, unless the economies that the use of 
motors renders possible can be practised. In this case a gas engine 
was used for driving a central shaft from which several light machines 
іп а machine-tool shop were driven. The weekly gas bill was £1 155. 
То have replaced this engine by a single motor—it was not possible to 
use more than one—would have cost, at existing Tyneside energy rates, 
just £4 per week. 


Мг. C. TURNBULL: I think the tendency in the future will be M 


more and more to use portable electrically-driven tools, especially 
for big work. By this means the weight of heavy castings will cease 
to be a cause of great expense in working, as they will not need 
much moving. Mr. Ralph mentioned a case in which a temporary 
lathe was rigged up for boring out a magnet, and it answered very 
well The question arises, Why not always use such methods and 
save the cost of large tools? It would seem also that, in works 
where dynamos are made, generator-sets on test might be used to 
provide power for use in the factory. И this could be done, instead of 
all the power being sent to waste, there would be a great saving. The 
voltage could be adjusted by negative or positive boosters, while the 
load could be kept fairly steady by means of supplementary resistances. 
Integrating wattmeters could be used to measure the energy given off 
bv the generator, so that there would not be trouble from unavoidable 
variations in the current due to machines driven from the generator 
stopping and starting. 

Mr. F. BROADBENT : I agree with the previous speakers as to the 
practical nature of this paper by my colleague, Mr. Ralph. [It is all 
the more valuable in that it tells us what has actually been done and 
proved by experience to be good rather than theorises as to what might 
be done. It is a little disappointing, however, that no general prin. 
ciples аге laid down as to the best methods of motor driving, the facts 
being in most cases merely stated and no conclusions drawn. 

In most of the examples given the question of convenience appears 
to have been the chief consideration rather than that of cost: that is to 
зау, that it has generally been found more convenient, having cables 
handy and a scrap motor in stock, to make use of these instead of 
fitting up new shafting and pulleys to drive the particular machine 
under consideration. In many of the examples given the combined 
machine and motor have no doubt paid for themselves in a very short 
time, and this, I believe, applies more particularly to the boring mill 

mentioned, which paid for itself on its first job. We cannot, however, 
generalise from these data, and say that it will always pay to drive а 
boring mill bya motor. No;the special conditions obtaining in this 
Case are responsible for the success. This bears out Mr. Ralph's 
remark that each case must be considered on its merits. Apart from 
special conditions, however, one would think that some general rule 
might be made for machine tool driving in ordinary engineering shops 
as to the smallest size of motor it is practicable and profitable to use. 

Itis on this point I should like to have heard more. 

As to the losses in shafting, we have come to believe that 50 per 

Cent. is a fair average efficiency to obtain for shafting, and I was зотс- 
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what surprised on recently visiting a large engineering works in 
Bradford, where certainly the advantages of motors were understood, 
to find that motor driving was only adopted in a few cases, whilst the 
main shafts, newly put up, were driven bya steam engine. The owner 
assured me that from careful tests of the H.P. used in driving the 
shafting light, that is doing no work, but with all belts on, he found the 
efficiency to be 85 per cent. It would not have been possible by 
separately driving the machines by motors to have improved on that. 

Notwithstanding this, however, the owner intended taking one or 
two of the largest machines off the shafting, and putting іп separate 
motors, because of the time wasted in shifting the belts on the coned 
pullevs to get the various speeds required. Now, it is on this point that 
I must disagree with Mr. Ralph. On page 547 he says, “Тһе average 
machine hand will not take the trouble to shift his belt to suit the size 
of the work unless he is constantly watched by the foreman.” He puts 
this down to laziness. It is not altogether laziness. In the case just 
referred to, the machines were very large, and it would take two mena 
considerable time to shift the heavy belt from one pulley to the next, 
and as this speed might not be required for very long, the same amount 
of time would be wasted in shifting the belt back again in a short time. 
Now, if the man had kept the belt on the slow speed all the time, and 
never stopped, he would probably have turned out just as much work. 
It is here, then, that the advantage of motor driving comes іп. Instead 
of wasting time shifting a heavy belt, or alternatively keeping the 
machine on the slowest speed, you have only to move the handle of the 
regulating switch up a few notches to get just the speed required. In 
this way the output from any variable-speed machine can be very 
considerably increased, as, instead of being tied to three speeds, as in 
cone-pulley driving, any intermediate speed can be got to suit the work. 
In the сазе of printing machine driving, the use of motors has in many 
cases increased the turnover by 25 per cent., and as wages and standing 
charges are not increased, this, of course, means greater profits, and 
the cost of the motor is soon paid for. It is somctimes difficult to show 
on paper any advantage in installing а motor. This applies more 
particularly to comparisons with gas-engine driving. Gas seems to be 
far cheaper on a steady load. In spite of this, cases are known in 
which a saving has been shown by replacing a gas engine by a motor. 
The reason is that, except in rare cases, the load on a shaft is not 
constant, and whereas a gas engine takes very little note of the varia- 
tions in load, but just consumes as much gas as though doing its 
maximum output all the time, a motor does, on the contrary, note every 
little irregularity, and its consumption of energy varies in proportion. 

These two points—the variation of load, and the variation of speed 
—are to my mind very important factors to consider in estimating the 
costs of alternative methods of driving. | 

Мг. К. S. ОоввіЕ: I wish to join in congratulating the author on 
his paper. In speaking of the loss in shafting, I have seen several 
cases where good shops, properly laid out with hangers of the best 
description, have been changed over from a steam or gas-engine drive 
to an electrical drive. In one case a line of shafting 320 fect long, 
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driving cight or ten very heavy machines, absorbed something like 

I4 Н.Р. running light, with all the machine belts on loose pulleys. 

When all these heavy machines were running, the average power taken 
was at first about 28 H.P., and I thought we were оусггайтя the power 
required for the machines, but found that it was one of the snarcs 
which the author has mentioned, and that, on occasion, much more 
than the 40 H.P. provided was called for. Certain machines appear to 
take but little power, but the conditions, if changed, show otherwise. 
In the case of the power necessary for a generator, I have lately 
installed a 32-k.w. generator for driving shafting in an emergency, due 
toa fire. Having had a little trouble, I found that we had a load as high 
as 70 k.w., and an average of до k.w. was called for, which shows how 
carefully we must install these things in order to get good results. It is 
not only the initial estimation that must be considered, but the incre- 
ments that come from continued extension. Тіс author mentioned а 
10-Н.Р. motor demanding бо Н.Р. I would like to ask how much 
came out of the motor under these circumstances. I can sympathise 
with the trouble of the lecturer with the electrically-driven single-motor 
cranes. I know of rope-driven ones that have been converted into 
single-motor cranes, but they have never worked satisfactorily. I have 
seen large castings held on a planing machine by magnetism. Machines 
of this tvpe are used to a large extent in planing and grinding delicate 
work. In the case of large castings strips of iron and the like are used 
to prevent end movement. In America I once converted a shop, belt- 
driven from steam engine, into an electrically-driven shop ; the factorv 
consisted of five stories, including a basement, and was engaged in 
making small machinery weighing two or three hundredweight com- 
рее. The transmission was originally effected by means of belts and 
occasional bevel-wheels. These were all taken out, and a dynamo was 
run by the same engine that previously drove the belts, and the saving 
in power was something enormous. The factory originally took 260 
H.P. to run everything, but when all the machinery was not in use it 
absorbed 160 Н.Р. In the case of electrical driving it took 160 Н.Р. 
to drive the whole shop, and when everything was turned off the Н.Р. 
indicated was only the friction load of engine and dynamos running 
light. 

Mr. Н. Н. Вісілхр: Мапу of us have felt pleasure at hearing 
Mr. Ralph's paper, but there is one point that has bcen left rather 
vague. Several have spoken somewhat vaguely of small motors. I 
was hoping that the author would state the actual facts or would give 
his experience of the smallest-sized motors which he has put down. It is 
a matter that I have lately had under consideration. On referring one 
point to Messrs. W. H. Allen, Son & Co., Limited, the firm with 

whom I am, they have informed me that at their Bedford works, in 
twelve months, small portable drills have paid for themselves, and they 
are strong advocates of “small motors” (the term is vague, but we 
may at any rate say as low as $ Н.Р.) In most cases I have care- 
fully looked into, I think they will be found economical. I have 
not, however, been able to see how, in the case of quite small 
lathes, the difficulty of the tool becoming jammed is to bc sur- 
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mounted. I am anxious to know whether the fuses would blow, or 
what damage would accrue in direct driving. These are serious 
difficulties if occurring frequently. Тһе question of gas-engine driving 
appears to be eoming to the front if we credit the papers on Mona gas. 
Indeed, I have heard of a firm not very far from this town who have 
had experts engaged in sifting the matter thoroughlv, and it appears 
possible that direct gas-engine driving coupling short lengths of shafts 


may be used by them in preference to electric motors. People seem 


rather to have ignored the fact that gas-engines now are worthy of 
consideration, and I think if any practical gas engincers are here they 
will question what Mr. Broadbent savs about the consumption of gas 
being almost the same at full load as at half-load ; but these are all 
points that I would like information on. 

Мг. LE RosstGNoL: I agree with the remark that one cannot so 
much discuss the paper as endorse all it enunciates. Мг. Ralph's 
remarks on the advantages of electrical driving are very much 
strengthened by the fact that this method of workshop driving is 
greatly used on the Continent and in the United States. I recently 
visited some of the largest locomotive and stationary engine works 
and large electrical works in the latter country, and endeavoured to find 
out why the Americans were able to turn out similar articles in quicker 
time than can be done in this country, and I can only attribute this to 
the far greater use they make of electrical driving. Іп these large 
works the principle had been largely adopted of tooling and finishing 
large castings by means of machines brought to the work. "These 
machines were frequently of large size, were electrically driven, and 
could be lifted about and attached to the work without any difficulty, 
and thus large pieces could be completely finished without once being 
moved from their place or even turned over. Large generator-rings 
up to any diameter, fly-whecls up to forty fect in diameter, and other 
heavy pieces of machinery, were thus dealt with at a very small cost. 
In some of the large steel works the whole of the handling of the 
material was done by mechanical means : large electrical cranes lifted 
the ingots out of the reheating furnaces and deposited them on 
electrical travelling carriages. These carriages tipped them on live 
roller gangs, which carried them to the rolls, so that an ingot from its 
start from the furnace was not touched once by hand till it came to 
the cooling-table as a finished rail or girder. 

There is no doubt that great economy in labour can be effected by 
an extensive adoption of electrical driving in all sorts of manufacturing 
processes, and іп time I trust that manufacturers in this country will 
come to see the benefits which can be obtained by this means. 

Mr. А. W. HEAVISIDE (Chairman): I do not know that I can add 
anything important to this very interesting subject; but upon the 
question of the sub-division of power, I may say that on a visit to 
Switzerland I observed in a silk factory at Wüdenschwyl, on the banks 
of the Lake of Zürich, that every girl operator had her own clectric 
motor. These would be probably from 4 to + Н.Р. and we тау Бе 
sure that, with a thriftv practical race like the Swiss, the motors would 
not be there if they were not commercially successful. In my opinion 
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there is no question that the electric motor must predominate if the 
current сап be had at а reasonable rate, such as 1d. to 11d. per unit, as 
is likely to be the case in this neighbourhood. In that case the gas- 
engine, with its cost of up-keep and the necessary special расе И 
must occupy, is out of the running. You cannot put a gas-engine in 
a drawing-room, whereas you сап put an electric motor there. 

Мг. С. Кагрн (іп reply): I must express my thanks to all the 
members who have taken part in the discussion for their kind remarks, 
and to the meeting in general for their kind reception of the paper. 

Mr. Turnbull makes the suggestion that during the testing of 
dynamos, the power might be utilised for driving the machinery in the 
works, instead of running the current to waste in resistances. As а 
matter of fact, this is often done, when the voltage of the machines 
under test is at all suitable. It so happens that to-day the whole of the 
current required for power and lighting has been supplied to the works 
from a steam dynamo running under а ten hours’ test. А considerable 
saving of fuel can be effected by this means. I am glad to hear 
Мг. Le Rossignols confirmation of the views expressed as to the 
advantages of portable tools, &c. Мг. Moir's kind remarks do not call 
for any reply. 

Mr. Broadbent thinks that too much stress is laid on convenience, 
rather than on relative cost. I admit that I have not attempted to go 
into the question of cost, with which he is far more competent to deal 
than I am. But, leaving capital outlay out of the question, it may 
farly be said that when convenience is aimed at, and attained, cost 
(or wages) is reduced, and thus one factor is dependent on the other. 
He does not agree with me on the point of shifting of belts to get the 
correct speed on machines. Probably in the case of large heavy belts 
he is right, but with an ordinary 3" or 4" belt it is only a matter of a 
minute or two to shift from one cone step to another ; and I think that 
most shop foremen and managers will agree with me that the neglect 
of utilising the means provided for getting the most work out of tools 
is largely due to laziness or indifference on the part of the operator. 
With regard to the losses in shafting, I think the owner of the particular 
factory referred to is to be highly congratulated if the loss is only 15 
per cent. 

Mr. Broadbent, and Mr. Bigland also, express disappointment 
because it is not stated definitely what is the smallest size of motor it 
is profitable and practicable to use for individual machine tool driving. 
| stated that I considered about 2 Н.Р. was a reasonable size to employ, 
but at the same time the conditions vary so much that one cannot make 

any very definite statement on this point. 

Mr. Dobbie's remarks on shafting confirm what is stated in the 
Paper. With regard to single motor cranes, it was only in onc par- 
Чсшаг instance that I had an unhappy experience, and I am rather 
Surprised to hear that he has found converted cranes unsatisfactory 
with a single motor drive. The one to which I referred was a new 

стапе, and would have proved unsatisfactory with any method of 

driving, for, as explained, the bad workmanship was largely at fault. 

The case mentioned of а то Н.Р, motor demanding 60 E.H.P. is a very 


Mr. 
Heaviside. 


Mr. Ralph. 


Mr. Ralph. 
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extreme case, and, of course, the С?К losses would be very great, and 
the efficiency correspondingly low. I am much interested to hear of 
the magnetic hold-on devices for chucks and planer tables, and should 
much like to hear further details. I know that for grinding thin 
articles they are very satisfactory. 

In further reply to Mr. Bigland, we have used motors of all sizes, 
from $ H.P. upwards. His remarks on portable electric drills fully 
bcar out my own. 

With regard to what happens to a small motor if the machine it is 
driving jams, or pulls up, probably the fuses would blow, or the belt 
would come off (and in practice, small machines usually are belt driven). 
In the case of a large machine driven by spur or chain gearing, if there 
is no overload release on the starting switch, probably the fuses will 
blow, which is not a very serious matter, although Mr. Bigland seems 
to think so. If it happens frequently, as he suggests, then there would 
probably be something the matter either with the method of doing the 
work, or with the workman, which would require prompt attention, not 
necessarily of an electrical nature! I must confess my surprise at a 
number of gas engines being used in any works to drive short sections 
of shafting in preference to electric motors. I do not imagine it-is a 
method which will be largely adopted. I quite agree with Mr. Patter- 
son's remarks on the grouping of small machines on to one line shaít. 

Mr. Heaviside mentions an interesting example of individual driving, 
where the sub-division of power is much greater than is usual in this 
country ; but there may be special circumstances in the particular case 
which justify it. The point he mentions about the space occupied. by 
gas engines, compared with electric motors, is an important one. 
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GLASGOW LOCAL SECTION. 


The Glasgow Local Section of the Institution of Elec- 
trical Engineers met in the large hall of the Institution of 
Engineers and Shipbuilders in Scotland, 207, Bath Street, 
Glasgow, on Wednesday, the 13th of February, Professor 
Magnus Maclean (Vice-Chairman) in the chair. 

The CHAIRMAN explained that this was the first meeting 
since the Nation was thrown into mourning by the lamented 
death of the fate Queen, and he stated that the Committee 
had held a special meeting and had, on behalf of the 
Section, passed resolutions of condolence апа loyalty, 
which had been forwarded to the Home Secretary, and 
he asked the present meeting to confirm the resolutions 
so passed, which were: “That this Special Meeting of 
the Committee, on behalf of the Glasgow Local Section 
of the Institution of Electrical Engineers, desires to 
express its deep sense of the loss sustained by the 
death of their late beloved Sovereign, Queen Victoria, 
whose long beneficent reign has been marked by such social 
and scientific progress " ; and “ That an expression of con- 
fidence and loyalty be sent to His Most Gracious Majesty 
King Edward, with the hope that he might long be spared 
to reign over an attached people.” 


A METHOD OF COMPENSATING VOLTMETERS 
FOR THE VOLTAGE DROP IN LONG FEEDERS. 


By MICHAEL B. FIELD, Member. 


A problem which often confronts the central station 
engineer is the measurement at the power-house itself of 
the voltage obtaining at distant parts of his network which 
Supplies current for, say, lighting and power purposes. In 
fact, it is very often of far greater importance that the 
engineer in charge should know accurately the value of 
the voltage existing at the distributing network, or, better, 
the lamp terminals or motor terminals, as the case may be, 
than that obtaining at the central station bus-bars themselves. 

П cases where the distributing network lies at some con- 
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siderable distance from the power-house, and is fed with 
current by means of “feeders,” the drop of voltage in the 
latter may vary, from zero, when the network is very lightly 
loaded, to 10 or 12 per cent. when the network is heavily 
loaded. Under such circumstances the engineer requires, 
of course, so to regulate his generators that the voltage at 
the network or lamp or motor terminals remains constant ; 
in other words, he must raise the bus-bar voltage in the 
power-house above the normal by an amount equal to the 
drop in the feeders. 

In such cases a very usual course to adopt 15 to mount 
on the switchboard in the central station voltmeters which 
are connected to points of the network by means of * pilot " 
wires, and thus indicate the true voltage existing at those 
points. Тһе engineer in charge can then readily regulate 
his generators so that, under varying conditions of load, the 
voltage indicated by these voltmeters is maintained constant. 

In the vear 1882 Dr. Hopkinson patented au arrange- 
ment for effecting the same purpose without resorting to 
the employment of pilot wires. His method consisted of 
compounding the shunt windings of electromagnetic volt- 
meters with a few turns of thick wire, through which the 
main feeder current, or a proportionate part thereof, flowed. 
In this way a voltmeter connected to the near end of a pair 
of feeders might be compensated for the drop along the 
feeders, and would thus indicate the voltage existing at the 
far ends, and obviate the necessity of employing pilot 
wires. 

There is, of course, no great disadvantage in employing 
pilot wires for the purpose named beyond the cost of the 
same, which will amount to at least Хдо per mile per twin 
wire. If it be possible to save this sum, which, especially 
in the case of long-distance transmissions or networks 
covering extensive areas, will amount to a very considerable 
sum, by merely adding a suitable arrangement of resistances 
at the switchboards, it will of course be advantageous to do 
so. Moreover, by obviating the pilot wire, we obviate the 
trouble often connected therewith ; and while speaking on 
this point I would call attention to the fact that it is by no 
means uncommon for pilot wires to give trouble. What the 
reason usually is I do not know. Whether it is that while 
laying them they are considered as an adjunct of no vital 
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importance, and therefore the necessary саге is not devoted 
to their instalment, or whether it be for other reasons, is not 
a matter for discussion here. 

Compounding coils of the above description are of 
course quite inapplicable to voltmeters constructed on the 
D'Arsonval principle, e.g., Weston voltmeters, and in con- 
sequence of the almost universal preference shown by 
central station engineers for instruments of this class for 
continuous-current work, the writer some little while ago 
devised a method whereby any voltmeter whatever may be 
compensated for the feeder drop of either a two, three, or 
multiple wire system without necessitating constructional 
modifications of any kind, and, beyond that, can be arranged 
to indicate the average voltage obtaining at amy group ot 
distant feeding-points. 

The method is capable of very general application, but 
three instances of its use are of special interest to central 
station engineers, and it is the object of this short paper, ` 
hrstly, to describe briefly these three applications, and, 
secondly, to investigate analytically the accuracy of the 
same. Тһе three cases for consideration are :— 


(а) The measurement on the same instrument not only 
of the actual voltage existing at various feeding- 
points of а two-wire network, but also the average 
of the voltage at all the feeding-points, or the 
average voltage at any desired group of feeding- 
points of the network. 

(0) The measurement of the individual feeding-point 
voltages and the average voltage at any group of 
feeding-points of a network on the three, five, or 
other-multiple-wire systems. 

(c) The measurement by means of a low-tension electro- 
Static multicellular voltmeter of the voltage at the 
far end of a long single- or multiphase-power 
transmission line working at extra high tension, 
and possibly possessing a comparatively large 
Self-induction. 


Current for li 
area. It is e 
VOL. xxx, 


Zine a large distributing network supplying 
ghting and power purposes over a considerable 
vident that a voltmeter in the power-house so 
87 
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arranged that it indicated directly the average of the voltage 
all over the network would provide the engineer in charge 
with much more valuable information than one arranged 
only to indicate the actual voltage at some particular point 
of the network, for it 1s clear that the engineer should strive 
to maintain the average voltage at the normal value. Now, 
although it is not easy to obtain the true average of all 
points of the network, this may be approximated to by 
measuring the average voltage existing at all the feeding- 
points; this information would as a rule be a sufficient 
guide to enable the central station engineer to maintain the 
average voltage over the network itself at its normal value. 

It might further be advantageous for the engineer to be 
able to measure the average voltage existing at some one 
group or other of feeding-points, e.g., during one portion of 
the day he might perhaps wish to pay most attention to 
keeping the average voltage throughout the commercial 
portion of the town constant, and at another time it would 
be of more importance to maintain the average voltage 
throughout the residential portion of the town constant. 
He might further wish to know at any instant what was the 
actual voltage at the end of some one long feeder supplying 
an outlying district, more especially if this feeder contained 
a booster so that the voltage was capable of independent 
regulation ; all of these conditions become possible by the 
method about to be described. 

Case A.—The additional switchboard apparatus neces- 
sary for this case—for, say, a continuous-current system— 
consists of a low-reading Weston voltmeter with a suitably 
graduated scale (e.g., ап ordinary 600-volt Weston with the 
series resistance removed would serve perfectly), a multiple 
contact voltmeter switch, a set of voltmeter resistances 
which would be mounted in an out-of-the-way place at 
the back of the switchboard, and, further, a series resistance 
for insertion in each feeder circuit. These latter resistances 
would be similar to those usually supplied with Weston 
ammeters, and would be such that the drop across them 
with the maximum current would be of the order of 45th 
volt, or less where exceptionally heavy feeder currents are 
dealt with. 

The multiple contact switch would be arranged for as 
many “positions” as groups of feeding points required. 
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Suppose, for example, three feeding circuits A, B, C left the 
station, a four-way voltmeter switch might be advantageously 
employed. With the switch successively in the first three 


> 9 


с Feeders. 


FIG I. 


far end of feeders 
8, 


Positions the voltmeter would indicate the feeding-point 
Voltage of the network at An ВІ, С, respectively, while with 
Ше switch in the fourth position the voltmeter would 
indicate the average voltage at the feeding-points А,, Bı, Cy. 

Two distinct arrangements are shown іп Figs г and 2. 


Digitized лесе "T 
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Fig. 1 shows the simpler of the two, but involves the disad- 
vantage that the average voltage of A,, Ву, C, can only be 
obtained if all three feeding circuits are switched т. It is, 
moreover, only possible to determine the individual values 
А, В, and С, if the corresponding feeders be switched in. 

In Fig. 2, on the other hand, a modification is shown 
whereby the individual voltages Ах, В,, Сі, and the average 
of A;, B,, C, are given correctly by the voltmeter with the 
switch in the corresponding positions, whether some of the 
feeder circuits be switched in or not. 

This involves extra complication in the multiple contact 
switch, in which case it may conveniently be constructed 
on the same lines as a miniature tramcar controller. In 
Fig. 2 the contact cylinder has, for the sake of clearness, 
been developed on a plane. 

R;, В», К, are the inserted series resistances in the feeder 
circuits ; shunt resistances (divided into ғ and r2) are con- 
nected in Fig. 2 across each pair of feeders, in Fig. 1 across 
the bus-bars. Тһе letter p represents that the particular 
connecting wires so distinguished must have sufhcient 
resistance to prevent any appreciable interchange of current 
between the various feeder circuits when the switch is in 
the fourth position. У.М. is the voltmeter, and s а shunt 
which is connected across the terminals of the voltmeter 
when the switch is in the fourth position, in order to keep 
the calibration of the voltmeter correct. 

Briefly explained the principle involved is as follows :— 


If r, be ("th part of т, + r4 the drop of pressure down rj | 
will be (ДІ part of the bus-bar volts. Again, И К, be 
(-— part of the whole feeder (go and return) resistance, 
the drop along К, will be (“)th of the total drop. The volt- 
meter then if connected to one feeder measures (=)th part 
of the bus-bar voltage less ()th part of the drop, i.c., 


(с) part of the voltage existing at the far епа of the 


feeder. ІҒа number of feeders be simultaneously con- 
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nected to the same voltmeter, this latter will indicate the 
average of all the individual voltages. Тһе connecting 
wires must, however, as already stated, have sufficient 
resistance (o) to avoid any appreciable interchange of 
current between the different feeder circuits. 


14; 
“ 
“ 
2 
< 


1454 


The action of the shunt s, which is necessary with the 
arrangement shown in Fig. 2, but not with that shown in 
Fig. т, will be found fully explained in the analytical treat- 
ment of the subject. 

It may here be mentioned that the writer, on subsequent 
Investigation, found that particular cases of his method had 


1 
* 
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been anticipated by Mershon in America, and by Crompton 
апа Ashley, and later by Heap, in England. 

Mershon's patents relate exclusively to alternating 
currents, since he bases them fundamentally on the use 
of either current or potential transformers, or both. Fig. 3 
shows one of Mershon's arrangement, though many equiva- 
' lent arrangements are illustrated in his patent specifications. 

Mershon's object is to compensate the voltmeter not 
only for the ohmic but also for the inductive drop of the 
line, and his arrangement is only used in connection with 
single lines; i.e., it corresponds to case (a), where the 
number of feeder circuits is unity. 

As is evident from Fig. 3, the shunt resistance rı + 72 
of Fig. 1 is replaced by a potential transformer whose ratio 


FIG. 3. 


is пт. Further a resistance anda self-induction are inserted 
: ; I ; 
in the line whose values are on th times those of the line 


resistance and self-induction respectively. 
Referring to Fig. 5, we see then that the drop from a to 


b will be (=) of the whole drop and in phase with it, 


whereas the secondary voltage of the transformer is (th of 


the generator voltage, and if the terminals be correctly 
chosen in phase with it. Thus the voltage bc, or that 


measured by the instrument, is (2th of that existing at the 


end of the line. 
The anticipations of Crompton and Ashley, and later by 


' Mershon : American Patent 551,082; dated December 24, 1895. 
" н » 571839; „ November 24, 1896. 
Crompton and Ashley ... 6,0695; ,, PE uu Henk. ODE. 
Heap. 2222 s 8,348; , see es “eds, 1808. 
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Heap, are merely сазе (а), where the number of feeder 
circuits is unity, j.e., they compensate the voltmeter for the 
drop of voltage in a single pair of feeders by using shunt 
and series resistances as explained. The diagram of con- 
nections for this simple case is shown in Fig. 4, and needs 
no further comments. 


O Re 


Fic. 4. 


Neither Mershon, Crompton and Ashley, nor Heap, 
however, give any method for obtaining the average voltage 
at any desired group of feeding points, nor, with one 
exception referred to later on, is any method given in 
the above-mentioned patents applicable to case (b), t.e., 
when unequal currents exist in the go and return 
feeders as in the case of three-wire systems and the 
like. This Case, however, is just as important as the fore- 


going, owing to the extensive use now made of the three- 
wire system, 


+ V № (Y-Chn СЕ 
СУ =. 
9 
S Ге (v € C'R^ + C/F' 
ч 


FIG. 5. 


a Cases the voltage at the network between the 
Ж 2. each outer тау be required to be known. 
already прагі apparatus needed is very similar to that 
Series г scribed, the difference being that in this case 
Potential 2188 must be inserted in cach main, and the 
resistances are somewhat differently arranged. 
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Fig. 5 shows the arrangement as applied to but one set of 
feeders. The voltmeter V will then be compensated for the 
combined drop both in the outer and neutral mains with 
which it is connected. If the average voltage between, say, 
the positive outer and the neutral at several feeding points 
be required, the arrangement of multiple contact switch as 
in Fig. 2 may be employed. 

The principle involved in this case is somewhat different 
to that of case (a), and may be best understood by com- 
parison with a Wheatstone's bridge. 

Fig. 6 may be considered as equivalent to Fig. 5 if we 


at 
Gt 


N 
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consider the potential differences called into play by the 
drop across R; and R', as replaced by opposing E.M.Fs. 
If now the ratio arms of the Wheatstone’s bridge be 
slightly out of balance, it 1$ clear that the current through 
the voltmeter will be proportional to the expression 
У — и: (а С, К, + ВС” R');. Where а and В are 
numerics the value of which тау be adjusted as desired by 
merely altering the resistance of the ratio arms. If, there- 
fore, they be adjusted so that а К; equals the resistance of 
the outer, and f? К’; the resistance of the neutral, it is clear 
the voltmeter indications will be proportional to the voltage 
obtaining at the far end between outer and neutral. 
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With the device just described it 1s of utmost importance 
to select as sensitive a voltmeter as possible in order to 
minimise the losses which take place in the shunt resist- 
ances. Іп the latter portion of this communication this 15 
shown to be the case, the following result being arrived at 
analytically :— 

If the method be applied to a three-wire system with 400 
volts between outers, and if the series resistances in the 
outer and neutral mains are as large as is at all practicable 
to make them (e.g., the drop of volts along R: = 072 volts 
and along К/і = 0:4 volts with an average full load (the drop 
along the resistance R'; may be taken higher than along К, 
since the current in the former case is much less than in the 
latter, so that a larger drop does not necessarily imply a 
large loss of power), and if the voltmeter required 14 АВ 
ampere to give the full scale deflection, then the resistance 
of (ru + ғ) and (r4 + rj) could not well be more than 800 
ohms. This would involve іп them alone a continuous loss 
of nearly 9o watts. Instruments of the dead-beat suspended 
coil D'Arsonval type made up in switchboard form, with a 
needle swinging in a horizontal plane as in a Kelvin low- 
tension electrostatic voltmeter, would therefore be best for 
this purpose, for with suspended coil voltmeters of this 
description not only can the values of the resistances 
(rs + r2) and (r4 + rj) be increased to 3,000 ог 4,000 ohms, 
but the maximum drop of volts across R: and К”, may also 
be greatly reduced. 

When employing this method for determining the 
average of several feeding-point voltages, a multiple contact 
switch as shown in Fig. 2 is necessary. It is also necessary 
to shunt the voltmeter by means of the resistance S, but the 
resistance р of the various connecting wires may be made 
as low as is convenient, since the resistances 7; rz rz rą will 
themselves prevent any appreciable interchange of current 
between the various feeder circuits. 

Fig. 7 shows a particular case where the voltage at the 
end of a set of three-wire feeders may be simply arrived at. 
The figure is a sufficient explanation of itself. It is, how- 
ever, clear that this case is rarely applicable in practice. 

In Heap's Patent 8,348 of 1898, instruments of the 
Weston type are described for use in three-wire circuits, where 
the moving member has two distinct coils and four terminals 
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as shown in Fig. 8. The great disadvantage of this 
arrangement is, of course, the difficulty of insulating the 
coils on the movable member from each other, the difference 
of potential being the full voltage between outer and neutral 
wire. 

A further device is described, as shown in Fig. 9, with 
reference to instruments depending on the attraction of a 
small piece of iron. If these instruments be used at all, 
they may quite as readily be compounded with a few turns 
in series with the outer and neutral mains in accordance 
with the original scheme of Dr. Hopkinson. Іп any case, 


FiG. 9. 


the device described above of Heap possesses the disadvan- 
tage that unless a large drop be allowed in the inserted 
resistances in the mains, the available voltage across the 
terminals of the voltmeter is altogether insufficient. For 
example, on a 250-volt circuit, if the series resistance caused 
an added drop of, say, 2 per cent. of the feeder drop, the 
available difference of potential for working the voltmeter 
. would be only about 2'5 volts. With an instrument of the 
above type to be actuated by only 25 volts, a compara- 
tively large current would be necessary, causing a relatively 
large watt-loss in the whole arrangement. 

Case C.—This case, viz., the compensation for the ohmic 
and inductive drop in long alternate-current transmissions 
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lines has been very ingeniously handled by Mershon. As 
already intimated, Fig. 3 gives the pith of Mershou's 
arrangement, but in his American patents a considerable 
number of very pretty modifications are shown ; but all of 
these, as he is careful to point out, depend upon the employ- 
ment of potential or current transformers, or both. 

The following method, therefore, which 1$ quite indepen- 
dent of all transformers, not even necessitating one for the 
voltmeter, may be of interest. 

In this instance not only must an extra resistance be 
inserted in the line, but similarly an extra self-induction, 
unless indeed a portion, say аһ part of resistance and 
self-induction of the line itself, be employed for the purpose 
by running back a pilot-wire to the station from a point on 
the line situated at a distance from the power-station equal 
to (4I 9th part of the whole length of the line. 

To fix our ideas, let us consider a specific case where the 
line voltage is 30,000 volts, the line being 50 miles from end 
to спа. At the station a roo-volt multicellular electrostatic 
voltmeter of the Kelvin tvpe is employed, and connected 
as shown in Fig. 10. Ц would, of course, have to be 
thoroughly insulated from earth. А; and А, are condensers 
replacing the resistances r; and ғ, shown in Fig. т. Тһе 
condenser А, has а capacity approximately equal to the 
maximum capacity of the voltmeter, ie, the capacity 
between the fixed and moveable vanes, the latter being 
in the position they normally occupy when the voltmeter 
is indicating. its maximum voltage. Тһе capacity of the 
condenser А 1s accordingly very small; it must, however, 
be capable of withstanding practically the full line voltage 
of 30,000 volts. Тһе writer therefore proposes to employ 
for this condenser a slab of glass with pieces of tinfoil 
pasted on the two opposite surfaces, the slab being 
sufficiently thick to withstand the voltage, and the area of 
the tinfoil coatings being chosen іс give а capacity approxi- 
mately equal to the maximum capacity of the voltmeter. 
To prevent leakage and condensation on the edges of the 
slab, the whole might advantageously be immersed in а 
bath of special oil or be imbedded in a block of paraffin 
wax or other suitable dielectric. 

The condenser А, must have a capacity nearly зоо times | 
as great as that of 42; since, however, the voltage across the 
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former will be of the order of тоо volts, it can readily be 
constructed in the usual way ot sheets of tinfoil апа mica, 
and will not Бе an expensive matter. It is important that 
the ratio of the capacities of kı :Ё, be maintained exactly, 
but it is not of any importance that the capacity of А, shall 
bear any very exact ratio to that of the voltmeter. Thus 
the voltmeter, if deranged, might be replaced by another of 
the same pattern, and the latter would indicate correctly. 
lf a portion of the line itself be utilised, instead of inserting 
extra resistance and inductance a pilot-wire must be run 
back from a point one-third of a mile distant from the 
power house. This wire must be protected, of course, 
from the inductive action of the current in the line in а 
manner explained later on. One advantage in utilising a 


portion of the feeder itself instead of inserting extra resist- 
ances, etc, which may of course be done in this or any of 
the.foregoing cases, is that no error is produced by а 
change of resistance of the line due to changes of atmo- 
spheric temperature. 

We thus have a simple and inexpensive arrangement 
whereby a 100-volt electrostatic voltmeter may be arranged 
to measure directly the potential at the far end of а 30,000- 
volt line, the voltmeter being compensated for both ohmic 
and inductive effects of the line itself. 

It is obvious that similar arrangements may be applied 
to many such useful purposes ; e.g., in the last case the 
voltmeter might be arranged to compensate not only for 
the line drop, but also for the drop due to both copper 
resistance and magnetic leakage in the transformer at the 
far end, and thus indicate the voltage at the low-tension 
terminals of the transformer irrespective of what kind of 
load may be connected to the same, i.c. one possessing 
self-induction capacity or anything else. 
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lines has been very ingeniously handled by Mershon. Ав 
already intimated, Fig. 3 gives the pith of Mershou's 
arrangement, but in his American patents a considerable 
number of very pretty modifications are shown ; but all of 
these, as he is careful to point out, depend upon the employ- 
ment of potential or current transformers, or both. 

The following method, therefore, which 15 quite indepen- 
dent of all transformers, not even necessitating one for the 
voltmeter, may be of interest. 

In this instance not only must an extra resistance be 
inserted in the line, but similarly an extra. self-induction, 
unless indeed a portion, say a .),th part of resistance and 
self-induction of the line itself, be employed for the purpose 
by running back a pilot-wire to the station from a point on 
the line situated at a distance from the power-station equal 
to (4L )th part of the whole length of the line. 

To fix our ideas, let us consider a specific case where the 
line voltage is 30,000 volts, the line being 5o miles from end 
to end. At the station a roo-volt multicellular electrostatic 
voltmeter of the Kelvin {уре is employed, and connected 
as shown in Fig. то. It would, of course, have to be 
thoroughly insulated from earth. Аг and А, are condensers 
replacing the resistances rı and ғ, shown in Fig. т. The 
condenser £, has a capacity approximately equal to the 
maximum capacity of the voltmeter, i.e, the capacity 
between the fixed and moveable vanes, the latter being 
in the position they normally occupy when the voltmeter 
Is indicating its maximum voltage. The capacity of the 
condenser ka is accordingly very small; it must, however, 
be capable of withstanding practically the full line voltage 
of 30,000 volts. Тһе writer therefore proposes to employ 
for this condenser a slab of glass with pieces of tinfoil 
pasted on the two opposite surfaces, the slab being 
sufficiently thick to withstand the voltage, and the area of 
the tinfoil coatings being chosen tc give а capacity approxi- 
mately equal to the maximum capacity of the voltmeter. 
To prevent leakage and condensation on the edges of the 
slab, the whole might advantageously be immersed in à 
bath of special oil or be imbedded in a block of paratfin 
wax or other suitable dielectric. 

The condenser k, must have a capacity nearly 300 times | 
as great as that of Аг; since, however, the voltage across the 
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former will be of the order of тоо volts, it can readily be 
constructed in the usual way ot sheets of tinfoil and mica, 
and will not be an expensive matter. И is important that 
the ratio of the capacities of А; : ka be maintained exactly, 
but it is not of any importance that the capacity of А. shall 
bear any very exact ratio to that of the voltmeter. Thus 
the voltmeter, if deranged, might be replaced by another of 
the same pattern, and the latter would indicate correctly. 
If a portion of the line itself be utilised, instead of inserting 
extra resistance and inductance a pilot-wire must be run 
back from a point one-third of a mile distant from the 
power house. This wire must be protected, of course, 
from the inductive action of the current in the line in à 
manner explained later on. One advantage in utilising a 


FIG. 10. 


portion of the feeder itself instead of inserting extra resist- 
ances, etc, which may of course be done in this or any of 
the.foregoing cases, is that no error is produced by а 
change of resistance of the line due to changes of atmo- 
spheric temperature. 

We thus have a simple and inexpensive arrangement 
whereby а 100-volt electrostatic voltmeter may be arranged 
to measure directly the potential at the far end of а 30,000- 
volt line, the voltmeter being compensated for both ohmic 
and inductive effects of the line itself. 

It is obvious that similar arrangements may be applied 
to many such useful purposes; e.g., in the last case the 
voltmeter might be arranged to compensate not only for 
the line drop, but also for the drop due to both copper 
resistance and magnetic leakage in the transformer at the 
far end, апа thus indicate the voltage at the low-tension 
terminals of the transformer irrespective of what kind of 
load тау be connected to the same, /.е., one possessing 
self-induction capacity or anything else. 
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The drop in the transformer might be exactly imitated 
by inserting in series in the circuit (now containing а’ perfect 
transformer with no drop) a definite self-induction and 
resistance. These might then be considered as forming 
part of the transmission line, and therefore by adjusting 
kı, К, and the inserted resistance and self-induction, or 
possibly the position at which the pilot-wire is connected, 
the drop due to the extra resistance and self-induction, 
i.c. the drop in the transformer at the far end of the line, 

may also be compensated for. 


ANALYTICAL INVESTIGATION. 


A simple and straightforward, though possibly а 
somewhat lengthy, method of dealing with this subject 
is to consider л feeder circuits (Fig. 11), where Fi, Fa, Fw 
etc., represent the total (go and return) feeder resistances 
of the various circuits. At the station end the positive 
and negative feeders of each circuit are bridged over by 
resistances т; + 7, and all the points, 1, 2, 3, etc., of 
these resistances are connected together and to one 
terminal of the voltmeter. Тһе potential of this terminal 
ise. Тһе resistance of the voltmeter is 7, and the current 
flowing through it 7. It is further shunted by a resistance s. 

Let Vivi, V2v2, etc., be the potentials of the positive 
and negative feeders of the different circuits respectively, 
then it is easy to show that— 


T2 У (У: +У,.+ ...У,,) 


е = ° 
rı + + 11 
à fi У (1+2. +... 2,) 
и + Р п 
fif, Str 1 
+ ° та e ө е % ° % е . (1) 
и + Р, 5 n 


Let R, Ra . . . В, be the series resistances inserted 
in the feeder circuits, апа let the far end of each of these 
be connected by a wire whose resistance is р to the second 
terminal of the voltmeter. Calling the potential of this 
terminal e’, we may write— 


>(У; + V5 >. o o V.) > (С, К; + С-В. e o e C, R,) 
T 2d T 
с oa oe 


е! = 


S n 
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where Ci, С, . . . C, are the various feeder currents, 
which may be taken as identical with the currents flowing 
through Ез, Ra etc., provided p be sufficiently large to 
prevent any appreciable interchange of current between 


the various feeders. 
We have further— 


КАБ „о ужуу 5 жо”. (8) 
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Hence, eliminating c and e' we have— 


rr | R: R2 


the numerator of the above expression is merely the average 
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voltage existing at the far ends of all the feeder circuits. 
We will call this V,. It is then clear that the current 
flowing through the voltmeter is proportional to V, if any 
given number of feeder circuits be connected. The con- 
stant of the instrument, however, involves л; іп order there- 
fore to make the same calibration serve for all values of n, 
and to obtain the most sensitive arrangement, we must keep 


5+ 7 : ; 
Pv. equal to unity, in other words s must always equal 


ке This therefore is the function of the shunt s т 


Fig. 2, and if by means of the multiple contact switch, s be 
made to depend on л in the above manner, we have— 


V, 


qe ERE 
I 


1 == 


If n 22 1 we may make р = 0 and 5 = оо, ie. no shunt 
is required. This is the arrangement of Crompton and 
Ashley, and also of Heap. 

The equation holding for the device represented in 
Fig. 1 is slightly different from the foregoing :— 


We must insert in equation (1) 


I I. 
1| — I, ЛАЛА) СЕТИ 


and in equation (2) merely 


мех (М. + Va.. Va) 


Combining (1) and (2), we have— 
| "e cm 
е со 
T ri 5 fi 


Now in this case, if p be very small compared with ғ, 
we may say that i does not depend on л, hence s may be 
made со, i.c, no shunt is required, and we have— 


V, 


= ise 
+ г ( Jr T ға) 


72 
Тт 
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Applying the above results to an actual case, let 
У = 200, and let the current required by the voltmeter 
for maximum scale deflection, corresponding to (say) 220 
volts, be o'or ampere, the resistance of the voltmeter 
being 60 ohms. 

Let, further— 


F Е, 
Б, = R, = ete = 99, 


then we have— 


к = 16,000 ohms. 


We may take it that the maximum feeder drop will 
not exceed то per cent, hence the maximum volt drop 
along R, R, etc. cannot be greater than o2 volt. If, 
therefore, р = 075 ohm, we may say that the interchange 
of current between any two feeders cannot be more than 
o'13 ampere, ог an amount which is quite inappreciable, 
and at the same time the maximum error introduced by 


the variation of the value of Ё as n is varied cannot 
n 


exceed $ of one per cent. 

With the arrangement shown in Fig. 2, p must be 
much greater than heretofore assumed, for if one set of 
fceders be switched out, the voltage at the near end of 
the positive of the same might differ by as much as 20 
volts from that of neighbouring positive feeders, and a 
serious interchange of current between them would occur 
if p were not of considerable magnitude. Since, however, ” 
from equation 4 it appears that no error whatever is 
produced by the variation of n, provided s is always equal 
to те, we may, if we like, take р = тоо ohms. In 
this case, taking the same constants for the voltmeter as 
before, r2 will come out 6,000 ohms and 7: 60:6 ohms. 

It has been assumed throughout the foregoing that the 
same current returns by the negative feeder as goes by the 
positive feeder of the same circuit; this will generally be 
true, unless indeed the resistances of the positive and nega- 
tive feeders are different, or the problem is complicated by 
the fact that there are faults at different parts of the system. 


In such cases, however, where the outgoing current is of 
VOL. ХХХ. 88 
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different magnitude from the return current, the following 
arrangement might be employed, which moreover is par- 
ticularly applicable to three-wire systems and such like. 

To derive an expression for 1 in case (b)—see Fig. 5—we 
have from equation (1)— 


lo 2. ХУ, ry | > ск + С” К’, 


3 РОР 


To obtain e’ we must substitute in this same equation— 


с! for e V. — Ck Re for V, 
Vy ” ry (MN ” ск + Cle R 


and we may further write л + 1% = 7; + y` 


hence— 


о DES 


ҮІ + 72 5 11 


Combining (3), (5), and (6) we ре - 


ty (v. — v — C. (Re + Fe) Y CH (R^ + ғ“) 
is и wv) 


г (rs + r2) 
ҒА io ic ды жы 

where 

Y F 

= к< Желіккен тс ш- S == 

о "+в. Eu etc. — f, 
апа 

Үт = Е,' Е, 

pq cU pg ce 


Now the numerator in (7) is the average voltage obtain- 
ing at all the far ends of the feeder circuits between the 
outers Еь Е» etc, and the neutrals FO Е,, etc. Call 
this average voltage, as before, У,. ”? 

If, then, we again, by means of the multiple contact 


switch, keep Do equal to unity, we have for case (0)- 
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j= у. 
Е r (ri ғ) 
Рм + 47. + ` 5d 


from which the necessary values for л, 7%, г, and ғ, are 
calculable for any given instance. 


The last case is that of (c, Fig. 10. We can readily 
derive the equation for the voltage existing across the 
voltmeter (which may be designated v) from equation 
(4), by writing :— 


П= 1] | 


тө 2 R4+/0 for К, | gg IOT "2 
p=0 | i | i 7 
“шо | ... T 


where R and ] are the resistance апа self-induction 
respectively of that portion of the line spanned by 
the pilot-wire, к is the capacity of the voltmeter, this 

ing à function of the position of the movable vanes, 
and @ represents the operator 2 


ағ 
We have then— 


кт E" + hy + he p 
I Re 
+ Е L 
В I? 


t . ` 
we Numerator of the above expression represents the 
= Obtaining at the end of the line. Call this V. 
TH already explained, ka may advantageously be made 
WIR : qual to the maximum value of x, іп which case, 
WE о the comparatively large value of ky, we may write 
T 
I ky + ke 
h . ; ; 
paper that been Pointed out in the previous part of this 


inducti, 15 necessary to shield the pilot-wire from the 
“е action of the line. 


v= 


Va 
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If the line be a single-phase one carried overhead, it will 
be simple to place the pilot-wire symmetrically with regard 
to the two-line wires, in which case all inductive effects will 
be obviated. 

lf the line be an overhead three-phase one, it is not 
always possible to place the pilot-wire in a symmetrical 
position with regard to all three-line wires. The inductive 
action may, however, be neutralised by running the pilot- 


wire for part of the distance nearer the one or other of the 
lines. Thus, if the three-line wires be carried in a row (see 
Fig. 12) and a pilot-wire be run for a total distance of 500 
yards from the station, it might be located for 250 yards in 
position р, and for the remaining 250 yards in position 4. 
The inductive action of each line wire on the pilot-wire 
depends on the logarithm of the reciprocal of the distance 
between them plus a constant, which latter is the same for 
all the line wires. 
|f, therefore, we adjust matters so that 


jos (5) Ite T €T ее) 
2954%/73 98: Ae is) = 08( Vaz + ba?’ 
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or 


ilot-wire will 
the inductive action of each line wire on dien 2. 
Бе the same and since the total current flowing 


. ilot-wire will be 
modifications of the positions of the pilot-w 
requisite. 


APPENDIX. 
(Received February 23rd, 1901.) 
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The inductive effect on lines 1 and 3 respectively is per unit 
length :— 
21.4 I I I 
С, log - +C, log 
A вв" ] g p +C log 1 | 


2 „1 23 I 
m uu 06 peor | 


Вш (2 log a ) (с. + С, + с, = o, adding this іп each case we have 


a a 
21e log b + C,log b — Ci log T 


2 ` a ` a ^ 
- 1e log | +C, log | —C, log 2 | 
10 5 5 

These we may write as :— 


2 a eee :. 
| oe = 
Mc og Cs log 2} 


20. b 
2 {с оя 5 С, lo :| 
2 Сор о — С, log 
and the inductive effect on line 2 is as above 
2 fc, log b | 
IO a 
b | ; 
In an actual case let 7 ше 100, and remembering that the induced 


E.M.F.’s lag до” behind the currents which induce them, we may 
construct the vector diagrams for the induced E.M.F.’s in the three-line 
Wires as follows : 


Ес ee 


Ес. 2. 


We see, then, that in the case of line т, an E. M.F. is injected into the 
line. 30° behind the current; in line 3 an equal E.M.F. appears 150° 
behind the current, that is, to say, that 3 and і arc acting as the primary 
and secondary of a transformer power disappearing from the one 
and appearing in the other line. The amount of this injected E.M.F. 
is 15 per cent of еҙ, that is in the above case, the relative values of the 
induced E.M.F.'s would be as 216: 2: 2°16 respectively for the lines г, 
2and 3. In extra high tension transmission lines it is quite possible for 
the inductive effect to exceed the ohmic drop, so that the above differ- 
ences may be worth considering. 

The voltmeter in such a case would be arranged to measure the 
voltage between one pole and the neutral point compensating for the 
mean drop along the three-line wires, and the scale would be cali- 
brated to read 1°732 this voltage. 
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The neutral point would be obtained by means of two suitable 
choking coils in the usual way, connecting one to the centre point 
of the winding of the other, as in the diagram. 

lt is further interesting іо inquire into the magnitude of the 
inductive effect of a line upon a pilot wire which is not shielded. 

Аз an example, assume 3 to be a pilot wire and 1 and 2 the go and 
return conductors of the circuit. 


The inductive effect on 3 will be 2С log 2 ап4 on 1 and2 С log д 
IO IO a 


ИС = line current. И ИЕ тоо аз before, the induced E.M.F. in the 


Pilot wire will be 15 per cent. of the induced E.M.F. in each line wire. 
As stated above, this latter is sometimes greater than the ohmic drop, 
50 that the effect on the pilot wire is seen to be of considerable magni- 
tude; this is more especially the case where the pilot wire is worked 
at a reduced pressure by means of step-down transformers at the far 
end of the line, which is often the case owing to the liability of thin 
aerial lines to break, and the danger which would thus be introduced. 


4 е 
o 
/ 


i 2 5 
9 p* 5 
/' 2’ 5’ | 
ө © 
FIG. 3. FIG. 4. 


It is not always possible to shield the pilot wire from the inductive 
action of a multiplicity of line wires. In such a case it would be 
advantageous to change over the positions of the various wires perio- 
dically, so as to neutralise their effects. 

"o eros of two three-phrase circuits carried asin the fig., the pilot 
Ps ue d be taken for half its distance in position р and the remaining 
tance in position 2 where b = a A2. 


Ns rea in opening the discussion, remarked that the paper 
exceedingi d earned one from an analytical point of view, but also an 
the и рарег from a practical point of view. Later, in 
ТТР € asked Мг. Field—(1) to give some relative statements as 
ount of energy wasted in the series resistances R,, Ra R, etc., 

and (2) to make it clear if these resistances were not exactly * th of the 
feeder resistances к 
in the central stat; 
Professor 
Phraseolo 


whether or not the voltmeter needed recalibration 

Station. 

| А. ТАМм1Езох: Мг. Field has been rather lax in thc 

defect by gii the first part of his paper, but he has made up for this 

together with ae US а series of well-arranged and indexed diagrams, 

The chief 5. СЇеаг analytical investigation. 

drop in ERAN E which the author had in view was to áscertain the 

Ong live feeders without using pilot-wires, and thus 
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not only to save their first cost and upkeep, but also to avoid being 
troubled by their possible defective insulation or continuity. He puts 
down the first cost of twin pilot-wires at £90 per mile. I think that 
this may be taken as a maximum value, since the trenches must be 
opened for the feeder-troughs or pipes whether pilot-wires are put down 
or omitted. Perhaps Mr. Field will state in his reply how he arrived at 
this price. 

The average potential at the ends of any group of feeders might be 
obtained from the switchboard ends of the corresponding pilot-wires 
quite as easily as by the methods explained in the paper. There is, 
however, one disadvantage which Mr. Field's svstem has, when compared 
with the use of pilot-wires, viz., their employment (if sound) іп localis- 
ing faults in the fecders by means of “loop tests.” Апа, moreover, һе 
introduces a constant loss of power by the permanent insertion of the 
scries-resistances В, К, R, etc. (see Figs, т, 2, сіс.), unless he can 
employ them as the feeder “ fuse-wires," or for the lightning protector 
coils, or for the automatic switch coils. For example, suppose the current 
conveyed by each of these several resistances to be 1,000 amperes with 
a difference of potential between their ends of only o2 volt (as assumed 
іп the paper), then the continuous loss of power will be (1,000 Х 0:2) = 
200 Watts for each inserted resistance. This quantity, when added to 
the losses (r, + ra) may thus amount to about 4 H.P. at the switchboard 
or, say, 1 H.P. in the boiler. The annual value of this loss would go far 
to pay interest and depreciation upon ordinary pilot-wires. 

Mr. Field's ingenious methods of obtaining the average voltage at 
the ends of a group of feeders may no doubt satisfy the Board of Trade 
authorities, who demand statements of such averages in the station log- 
sheets, but great care must be taken that switchboard attendants do not 
place too much reliance upon such averages. One consumer or district 
may be supplied at то per cent. more than the normal voltage, whilst 
another is receiving го per cent. less than the normal. The attendant 
when reading the voltmeter in contact with the average terminal would 
consequently find that the mean voltage coincided with the required 
pressure. This would no doubt please him, and if he were lazy and 
not very particular, he would not trouble to ascertain what the respec- 
tive voltages were at the end of cach feeder. 

'The method (see Fig. 1) of ascertaining the voltage at the far end of 
a line of known resistance, by taking the potential difference between 
the ends of another known resistance placed in circuit with the former 
at its home end, is not new. I have frequently used this test since 
1872, and I believe that it was first devised by Mr. Latimer Clark 
and improved by Professor Fleeming Jenkin." Бір. 2, for obtaining 
averages, is, however, new to me, and I have much pleasure in con- 
gratulating Mr. Field upon the devices and their explanations as 
illustrated by Figs. 4, 5, 6, and то. The latter is especially neat and 
interesting, although the substitution of condensers for resistances 
is by no means new. Their use and interchangeability in the case of 
the bridge-arms of artificial lines for working submarine cables upon 


* See Munro and Jamieson's Pockct-Book of Electrical Rules and Tables. 
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the duplex principle has been employed for nearly a quarter of a cen- 
tury. Their application, however, to very high alternate current 
voltages is one of the difficult experiments upon which we should have 
been glad to have had some practical results. Perhaps Mr. Field may 
soon be able to bring before us data of actual tests and thus add to the 
value of his present paper. 

Mr. WILLIAM MCWHIRTER : Mr. Field has written a splendid paper 
and has shown how to carry out an important test in a very elegant, 
simple, and economical manner. Never having been a Central Station 
engineer, I have not been in a position to discover all the beauties 
which these engineers have found in the Weston Moving Coil Volt- 
meter. No doubt, owing to the great sensibility of this type of instru- 
ment and to the low power therefore required to operate it, together 
with the proportionality of the scale divisions and its supposed extreme 
constancy, this instrument has made many friends. То these qualities 
must be added its freedom from external magnetic fields, from which 
it is usually supposed to have perfect immunity. Тһе simpler and 
cheaper, vet equally useful, electro-magnetic voltmeter has therefore 
been relegated to a position of obscurity, and the individual who 
attempts to check the voltage of any installation by such means runs a 
risk of being driven from the society of all self-respecting electricians. 
Yet there are hundreds of thousands of those unassuming instruments 
in daily use doing good work. Those who have been able to 
watch the evolution of this type of instrument since 1878, when the 
electric lighting at the Paris Exhibition showed the need for it, must 
have often asked, * Have we yet approached finality ?" Almost the first 
attempt to supply the demand for such measuring instruments was met 
by Deprez, who introduced an instrument of the permanent-magnet type. 
We had next the very excellent but certainly awkward set of dynamo- 
meters by Siemens Brothers, where the value of current or pressure 
could be easily ascertained by twisting the torsion-head until the 
moving coil reached zero. When, rcading the angle of torsion in 
degrees, and finding its square root and multiplying by a five-figure 
constant, the amperes or volts were at once found. So beautiful and 
simple an instrument was not, however, received as it should have been, 
and I have known engineers in charge of lighting in those early days, 
and drawing the splendid salaries of from 18s. to 22s. per week, object 
to the use of the instruments. 

‚ It always seemed strange to me that only one man up to that 
оте had made instruments to read direct in amperes, or, rather, 
at the time to which I refer, іп webers and volts, and that was 
Mr. J. T. Sprague, of Birmingham. 1 would like, however, to 
Warn central-station engineers not to take too much for granted 
about Weston moving-coil meters, not to be sure the scale 
divisions are strictly proportional, nor to assume the constancy 
of magnetic field, or to take it for granted that these meters are nof 
affected by external magnetic fields. I have proved over and over 
again that every опе of these assumptions is in error. Now that 
shielded electro-magnetic volts and ammeters are obtainable where less 
than two watts are used upon a circuit of 100 volts, where the tempera- 


Professor 
Jamieson. 


Mr. 


McWhirter. 


- те шы» т. wes Ф а LT 


Toc 


" й ы A + 5 
р = шуы . ELT. 
D ИР РНИИ iu 
ERE am и Е ж ят, н ль eee are) 
Ж. PN 


UT de Rusa. 


о -- 


Мг 
McWhirter. 


Мг. Field. 


594 FIELD: А METHOD OF [Glasgow, 


ture coefficient is nil, where the scale error is under 1 per cent. and 
absolutely constant, and where magnetic-field errors do not exist, they 
are worthv of further attention, and should not be lightly abandoned. 
Further, such instruments can be calibrated to read correctly upon 
either continuous- or alternating-circuits as required, and are there- 
fore most suitable for use in the arrangement of Hopkinson, which, 
from its simplicity, will be very hard to supplant. 

Mr. М. B. FIELD inreply said : Professor Jamieson commented at con- 
siderable length on the phraseology used by me in the opening sentences 
of the paper. I have no doubt that this might be much improved, but 
provided the paper represents correctly the technical points I wished 
to bring before you, I think it hardly worth while to waste further time 
in discussing the point. Professor Jamieson seems to think that 
measuring the “average voltage” over a network is useless. I admit it 
does not give all the information required, but then, by the methods I 
have described to-night, not only the average, but also the individual 
feeding-point voltages can be determined. In such a case I think that 
a little consideration will show that the information obtained #5 of distinct 
advantage. The price of {до per mile of twin pilot-wire has been thought 
excessive, This, however, was not a guess-work figure : it was the actual 
figure for a two-core paper-insulated, lead-covered cable capable of 
withstanding 1,000 volts between cores, or between cores and lead, and 
includes drawing in and jointing. It is by no means a high price. 
Professor Jamieson tells us that the method I have described for com- 
pensating voltmeters as due to Crompton and Ashley did not originate 
with them. I believe, however, they took out the original patents. 
Answering the remarks on the applicability of the methods described 
to power and traction schemes, I would say that an exact regulation 
of the feeding-point voltage on tramway systems is not at all essential. 
The reference made in the paper to power systems applies to such as 
include the driving of motors of cotton-spinning machinery and such 
like where an exact and constant speed is of the utmost importance. 
Professor Jamieson further remarked that the different temperature 
coefficients of the series resistances R, R,, etc., and of the line would 
produce errors. It is evident, however, that since we are compensating 
the voltmeter for a quantity of, say, not more than то per cent. of the 
total measurement, a small percentage of this compensation becomes 
negligible. If we want to be very exact we can dispense with R, R,, 


“еіс., altogether by using a portion of the cable itself and running a 


pilot-wire back, say, from the first junction-box along the route. 
Regarding the losses that occur in R, К, В, etc., I mentioned in 
the paper that for heavy currents the drop along these resistances 
might be reduced to, say, o'1 volt at full load. This is about the 
order of loss іп the ordinary ammeter shunts used for switchboards, 
and consequently the feeder ammeter shunts might quite well be 
employed for the compensating voltmeters (adjusting ғ, and 7, 
suitably), so that no added loss by the inserted resistances would 
then occur. 

I do not understand the difficulty of making a condenser to with- 
stand a pressure of 30,000 volts in the manner I have described. There 
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is certainly no difficulty in making porcelain insulators to withstand this 
voltage, and if a correspondingly thick slab be used for the condenser 
no difficulty should be experienced. 

Mr. McWhirter spoke about my preference for Weston instruments. 
I think I pointed out that the methods dealt with in the paper are 
applicable using any type of sensitive instruments without construc- 
tional modifications of any kind. АП that is necessary is а readjust- 
ment of resistances. 

Replying to Professor Maclean, I would say that if К, R,, etc., are 
not exactly right, no very great error is introduced. Тһе voltmeter 
readings will merely compensate for the drop in a line a little longer or 
a little shorter than the actual one. It is not at all necessary to cali- 
brate the instruments in sifu. A spurious line circuit having the correct 
feeder-resistance is made up in the laboratory and connected to the 
instrument, which is easily calibrated under these conditions and the 
series resistances perfectly adjusted. Тһе series resistances are pre- 
cisely similar to those supplied with Weston ammeters, and therefore 
do not involve any greater energy losses than do these ammeters 
which are in very common use. 


Mr. Field. 
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ORIGINAL COMMUNICATION. 


NOTE ON RESONANCE WITH ALTERNATING 
CURRENTS. 


By ALEXANDER RUSSELL, М.А., Member. 


Although the etfects of resonance in alternating current 
circuits have been well known for many years, it is only 
recently that it has been proposed to utilise these effects for 
testing and other purposes. Rosa and Smith: have utilised 
the rise of pressure due to resonance to measure more 
accurately the losses in a condenser. Lodge? makes use of 
it in his system of space telegraphy. Duddell has recently 
utilised a resonant circuit to get high frequency alternating 


= 


А B € 
Fic. 1. 


currents from the direct current arc between hard carbons. 
It has often been proposed also to utilise the resonance of 
currents in divided circuits, so as to raise the power-factor 
of the mains. It is therefore of importance that electricians 
should have clear ideas on this subject. 

The sine curve theory is fairly satisfactory when only 
used as a rough guide to what happens in practice, but 
there are many important cases where phenomena happen 
which it completely fails to explain. In what follows I have 
attempted to fill up this gap in the theory mainly by con- 
sidering numerical examples to show what we might expect 
when the wave ts not shaped like a sine curve. 

Consider an inductive coil (Fig. 1) in series with a con- 
denser, and suppose that an alternating P.D. is applied to 
the terminals А and С. If the wave of Р.О. be sine shaped, 
then it is easy to find the P.D.’s between A and B and be- 


1 Phys. Rev. 8. рр. 1-20, 1899; Science Abstracts, vol. ii, р. 243. 
2 Journal of the Institution of Electrical Engineers, vol. xxvii., р. 799. 
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tween В and С. Let the coil have a resistance В (ohms) 
andan inductance L (henries) and let the capacity of the 
condenser Бе К (farads). Now, Бу a well-known rule, we 
cn replace the condenser by a coil whose resistance is 
zero and self-inductance 


I 
K (2 т f)? 
where f is the frequency of the alternating current. Hence 
If C be the current and V, V, and V, the P.D.'s between 


À and C, A and B, and B and C respectively, then by the 
ordinary impedance formula, 


А V2 
Ce н : 
( 1 | 
К? + (2 rf)yiL  KQGrfyl 
— Vui Ж sd 
E MN 
(27 /)? K? 
V22 


дд 


— В2 + (anf)? 12 


Hence V, and V, are found in terms of V. 
Resonance occurs when 


LK(27rf)? = І 
In this case 
2т/І, 
Na М 
—_ I Sak 
—.2-T/KR 


j 
ү„=К° + ы V 


In this case V equals C R and the power factor is 
unity. 
When the а 


Pplied P.D. wave is not sine shaped the 
me very unwieldy. Instead, however, of 


solving this pr oblem, we have considered the much simpler 
case of how 


coil terminals vary 
We are thus en 
the Journal, y 


formule beco 


abled to utilise some of the results given in 
ol. xxix., р. 154. 


the pressures across the condenser and choking 
with the shape of the current wave. 
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the rise of pressure due to resonance to measure more 
accurately the losses in а condenser. Lodge? makes use of 
it in his system of space telegraphy. Duddell has recently 
utilised a resonant circuit to get high frequency alternating 
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currents from the direct current arc between hard carbons. 
It has often been proposed also to utilise the resonance of 
currents in divided circuits, so as to raise the power-factor 
of the mains. It is therefore of importance that electricians 
should have clear ideas on this subject. 

The sine curve theory is fairly satisfactory when only 
used as a rough guide to what happens in practice, but 
there are many important cases where phenomena happen 
which it completely fails to explain. In what follows I have 
attempted to fill up this gap in the theory mainly by con- 
sidering numerical examples to show what we might expect 
when the wave ts not shaped like a sine curve. 

Consider an inductive coil (Fig. г) in series with а con- 
denser, and suppose that an alternating P.D. is applied to 
the terminals А and С. If the wave of Р.О. be sine shaped, 
then itis easy to find the P.D.'s between A and B and be 


t Phys. Rev. 8. рр. 1-20, 1899 ; Science Abstracts, vol. ii., p. 243. 
2 Journal of the Lustitution of Electrical Engineers, vol. xxvii., p. 799. 
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tween B and C. Let the coil have a resistance К (ohms) 
andan inductance L (henries) and let the capacity of the 
condenser be K (farads). Now, by a well-known rule, we 
can replace the condenser by a coil whose resistance is 
zero and self-inductance 


I 

KG sj» 
where f is the frequency of the alternating current. Hence 
if C be the current and У, V, and V, the P.D.'s between 


А and C, А and B, and B and C respectively, then by the 
ordinary impedance formula, 


V2 
1 |2 


R? + (2 кл. KQ K(27f)?! 
m. 


m жәна 
(27 /)? Кг 
— V2 
~ R2 + (2rf)} 12 
Hence V, and V, are found in terms of V. 
Resonance occurs when 


LK(27/f)? = 
In this case 
|. 2m-fL 
У, = R V 
I 
вт RER" 


y= Ret Gn tay 


In this case V equals CR and the power factor is 
unity. 

When the applied P.D. wave is not sine shaped the 
formulæ become very unwieldy. Instead, however, of 
solving this problem, we have considered the much simpler 
case of how the pressures across the condenser and choking 
coil terminals vary with the shape of the current wave. 
We are thus enabled to utilise some of the results given in 
the Fournal, vol. xxix., р. 154. 
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Resonance of E.M.F's. 
Let e, e; and е, be the instantaneous values of the volts 
between А and C, A and В, and B and C respectively, and 
let і be the instantaneous value of the current, then— 


emRicéde . . .. .. . (т) 
ЕЕ 

ет = К ° . . . . . e А . e (2) 
di 

ё, = 1, моа CES уз we 04 S е 5 (3) 


Now if we suppose that there is по loss in either the con- 
denser or the choking coil, then by squaring (1) and taking 
mean values we get— 


V2 = R2 C2 + V + V22 + 2 Vi У, СО5 ф . . (4) 


where С is the effective value of ; and ф is the phase 
difference between e, and e2. 
By definition— 


ЛЫ 
2 €i е at 
T о 
COS ф = -- “NN 
From (2) and (3)— 
T 
J KL d? e, 
1) ^ed m ^p 9р 
Т Т 
KL, def) _ КГ. | (day 
тост ЕЗ 
о о 
__ LOC 
2” К 
L C2 
CSO с-з (5) 


Now the relations between V, and C and bdtween V, 
and C can be expressed as follows :— 


= = _У? 
г: 


where а апа В are constants that depend on the shape of 


M t e 
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the current wave. Substituting these values of V, and У. 
in (5) we find that — 


COS ф = — B (6) 
Hence substituting in (4)— 
V2 I L 
Ga=R + Кар + В Lefa — 26 "I" (7) 


This is the formula that gives us the impedance of the 
circuit АС (Fig. т) when we know the shape of the current 
wave. 

Numerical Examples. 

For a sine curve a = В = 27 and ф is 1809. 


For a parabolic current wave a — NA -- 


апа ф = 173° 46’. o 

For a triangular current wave a = 4/40, В = V48 and 
$ — 155954. 

In (7) if we suppose К infinite it is the same as short 
circuiting the condenser, and we find the following expres- 
sions for the impedance I of an inductive coil (R, L). 

For a parabolic current wave— 


[2 = R? + 1'013 (2 т} L) 
For a triangular current wave— 
[2 = R2 + r216 (2r fL)? 


It is to be noted, however, that when the shape of the 
applied P.D. wave is fixed, the impedance can only be ex- 


pressed in the form JR? + y (2 fL)? where y is a constant 
in a special case. In general it is а very complicated 
function of В, Land F.! 

When the circuit (Fig. 1) is adjusted for resonance 


(2т-/)1.К-і 


Іп this case (7) becomes— 


| 
12 = R2 + e + pw. 2) (27 / Ly 
a? 4T? 


: The Electrical Review, vol. xlv. p. 744, “Тһе Current Produced in ап 
Inductive Coil by a Parabolic Wave of. E. M.F." 
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For a parabolic current — 

]2 = R? + o'or19 (27 f L)? 
For a triangular current— 

I? = R? + 02028 (2т/ L)? 


It is easy to see, geometrically, the values that V, and V, 
can have for a given applied voltage, and for a given shape 
of the current wave. In order to avoid solid geometry we 
will suppose that the resistance of the circuit is zero. In 
Fig. 2, 1Ё ОА be the vector representing the condenser 
voltage, and O B represent the choking coil voltage, then 
the diagonal O C of the parallelogram constructed on them 
as adjacent sides gives the effective value of the applied 
voltage. The larger the angle B O A, that is, the more 
nearly the current wave approaches the sine curve in shape, 


B € 


о А 


Fic. 2. 


the smaller is the ratio of the resultant to its components, 
and hence the larger are the effects due to resonance. 

Suppose (Fig. 3) that O P represents the magnitude 
of the voltage applied to the circuit shown in Fig. r. 
Suppose also that the shape of the voltage wave 15 altered 
as the capacity or the inductance is altered, so that the 
current wave has always the same shape, then the con- 
denser P.D. vectors can be measured, along O A and the 
choking coil P.D. vectors along O B, the angle BOA 
remaining constant. If P R and P L be parallel to ОВ 
and ОА respectively, then OR will be the condenser 
voltage and O L the choking coil voltage corresponding to 
the applied voltage O P. 

Suppose that the voltage applied to the circuit is kept 
constant, then the locus of P is a circle. When the 
capacity is zero P is on O А. As the capacity increases, the 
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P.D. across the terminals of the condenser increases and 
attains its maximum value О S when the angle О О B ва 
right angle. In this case 


У = — Уісовф. 
БЕ 5% 55% (8) 


Again, the choking coil voltage V; attains its maximum 
value when the angle A O S is a right angle, and in this 
сазе— 


KL(afperi....... (9) 


The maximum value of either V, ог V4 is— 


d — i.e. V мы 
sin ф 


УВ в 


FiG. 3. 


Substituting in this formula the values of a and В given 
above for parabolic and triangular waves, we find that for 
a parabolic current wave the maximum possible value of 
the condenser voltage 15 9°22 V, where V is the applied 
voltage. Similarly for a triangular current wave the 
maximum value of the condenser voltage is 2°45 V. 

For very distorted waves then it will be seen that the 
danger of getting excessive voltages from resonance is not 
nearly as great as for approximate sine waves. 

А resonant circuit can only have а power-factor of unity 
when the shape of the applied P.D. wave is a sine curve. 

It is proved in the Electrician for Nov. 3, 1899, p. 49, 
that the power-factor of a circuit can only be unity when 


С is constant at every instant. If the resistance of the 
i 


VOL. XXX. 39 


f 
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circuit is constant then this ratio equals R, and hence from 
(1), (2), and (3) 


di fiar 


ape E 


-i= Asin [27 ) 

: i= Asin( a + B 
where А and В are constants апа T equals 2т VLK. 
Hence since с = R/ the applied Р.О. wave is also a sine 
curve. 


Since 
Ve 
C=aV, = BL 
i Vi ” „_ 417° 


Now when the circuit is adjusted for resonance 
К L(27f)? =1 
Hence 


7 2 
xs p Ne . (10) 


The ratio of V, to У, is a measure of how much the 
current wave differs from a sine wave. If this ratio equals 
unity, the current wave is a sine curve, and the smaller the 
ratio the more distorted is the current wave. 

In Fig. 4 we have supposed that the curve (1), which is 
a parabola, represents the shape of the wave of current. 
E, gives the shape of the wave of P.D. at the terminals of 
the condenser, and it is very similar to a sine curve. Е, is 
the wave of P.D. atthe terminals of the choking coil, and is 
triangular in shape. Е is the wave of applied Р.О. required 
to produce a parabolic current, and it will be seen that it is 
a peaky wave, very different from a sine curve. The 
diagram illustrates the general theorem that except when 
the applied P.D. wave is a sine curve, the wave of P.D. 
across the choking coil terminals is much more distorted 
from the sine shape than the wave of P.D. across the 
terminals of the condenser. 

Resonance of Currents—Ilf we have (Fig. 5) а condenser 
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С K) shunted by a choking coil (L), then in certain cases 


‘the current in the main can be very small compared to | 


«2 1{һег the choking coil or condenser current. Let с, i, 
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апа; : | 
1; be the Instantaneous values of the P.D., the current 


in th . . . 
nc = Condenser and the current in the choking coil, 
III. 
" B 
Hence— FiG. 5. 
һб = KL 


Now if C 


know that... апа C, be the effective values of Л and iz we 


C; =аУ Капа С, = 57 


where 
wave a pu аге constants depending on the shape of the 
"^ Values of a and [3 for many curves are given 
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circuit is constant then this ratio equals R, and hence from 
(1), (2), and (3) 


MULIERE амын. 


./=Азп Ез + B) 
where А and В are constants and T equals 2т VLK. 


Hence since с = Ri the applied Р.О. wave is also a sine 
curve. 


Since 
V, 
Мы ни: 
Е _ 47? 


Now when the circuit is adjusted for resonance 


kL(2-f)z-ri 
Hence 


У; _ 47? 


V; a. $e ва ж/ш a PO) 


The ratio of V, to У, is a measure of how much the 
current wave differs from а sine wave. If this ratio equals 
unity, the current wave 1$ a sine curve, and the smaller the 
ratio the more distorted is the current wave. 

In Fig. 4 we have supposed that the curve (1), which is 
a parabola, represents the shape of the wave of current. 
E, gives the shape of the wave of P.D. at the terminals of 
the condenser, and it is very similar to a sine curve. Е, is 
the wave of P.D. atthe terminals of the choking coil, and is 
triangular in shape. E is the wave of applied Р.О. required 
to produce a parabolic current, and it will be seen that it is 
a peaky wave, very different from a sine curve. The 
diagram illustrates the general theorem that except when 
the applied P.D. wave is a sine curve, the wave of P.D. 
across the choking coil terminals is much more distorted 
from the sine shape than the wave of P.D. across the 
terminals of the condenser. 

Resonance of Currents—Ilf we have (Fig. 5) a condenser 
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(K) shunted by a choking coil (L), then in certain cases 
the current in the main can be very small compared to | 
either the choking coil or condenser current. Let c, ty 
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and 1, 
іп Фе 
then— 


be the instantaneous values of the P.D., the current 
condenser and the current in the choking coil, 


ка. L 


a 


dt 


FiG. 5. 
Hence— is 

p = K L p 
Now if C; and C, be the effective values of i, and i, we 
know that— 


С, = a V Kfand C; = 817 
where a and В are constants depending on the shape of the 


wave ой P.D. Values оға and [3 for many curves are given 


| 


| 


604 RUSSELL: NOTE ОМ RESONANCE 


in the Fournal, vol. xxix., р. 154. If 9 be the phase dif- 
ference between the vector values of i, and i; then it is easy 
to show as before that— 

К V2 


us cda СЕ: 
__B 


a 


Hence ф only depends on the shape of the wave of the 
applied Р.О. For very distorted waves ¢ is not much 
greater than go deg. 

In Fig. 3, if O B represent the condenser current and 
ОА the choking coil current, then ОС will give the current 
in the main. If the capacity of the condenser is fixed, then 
the minimum value of the main current is C, sin ф, and if 
C, be the choking coil current, then in this case 


C2 = — С, cos ф 
ВВ dex cx ck uuo ЕТ) 


If the inductance of the choking coil be fixed, then the 
minimum value of the current in the main is С, sin ф, and 


it has this value when, 
KL(afzri.......(12) 


Numerical Examples. 
I. For a sine wave, ф 15 180 deg. and the main current 
is zero when 
КГ (27 f)? = 1. 


2. For a parabolic wave $ is 1739 46', and if the con- 


. denser current is constant and equal to C, the minimum 


value of the current in the main is 0°1086 C, and it has this 
value when 

roor KL(2-T/)?—1.. 
Similarly if the current in the choking coil (Cz) be kept 
constant, the minimum value of the main current is 
071086 С», and it has this value when 


roI3 KL(27/f)?=1. 


з. For a triangular wave ф is 155° 54'. When the con- 
denser current varies the minimum value of the main current 
is 04083 Сі, and in this case 


гої3 KL (27/)2 = т. 
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When the choking coil current varies, the minimum value of 
the main current is 0'4083 С», and we then have— 


D216K L (2m f)? = І. 


Test for distortion of Р.О. wave.—If a condenser shunted 
by a choking coil be adjusted so that— 


KL(27/f)? =1 


Ci Lap 
C; 42 


then 


When C, is equal to C; the applied P.D. is sine-shaped, 
and the greater this ratio the more distorted from the sine 
shape will be the wave of P.D. Also if C be the current in 
the main, the smaller C is compared to either C, or С», the 


nearer is the shape of the applied wave to that of a sine 
curve. | 


Сопсіиѕіопѕ.— 


(т) Тһе power-factor of a resonant circuit can only be 
unity when the applied P.D. wave is sine-shaped. 

(2) The rise of pressure in a resonant circuit depends 
on the shape of the current wave. If the ohmic 
resistance of the choking coil and leads is negli- 
gible, the maximum pressure across the condenser 
would be infinite for a sine wave, 922 times the 
applied pressure for a parabolic wave, and 2°45 
times the applied pressure for a triangular wave. 

(3) lf we vary the inductance of the choking coil, then 
the pressure across the condenser terminals is a 
maximum when KL (Bf)? equals unity, where В 
IS a constant that depends on the shape of the 
Current wave. The minimum value of В is 2 m, 
and it has this value for a sine wave. 

(4) If we shunt а choking coil with a variable con- 
denser, then the minimum current in the main is 
got when KL (af)? equals unity, where а is a 
constant that depends on the shape of the P.D. 
Wave. 
|... When the Р.О. wave is sine-shaped a equals 2 
its minimum value. 
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(5) A condenser and a choking « 
are connected by the relatior 


І.К(2т/ 2-сі 


can be used as follows to 
applied Р.О. wave varies 1 
Connect them in parallel anc 
main be C, in the condenser 
coil C4. Then the smaller tl 
C, or C; the more nearly doe: 
approach the sine shape. И 
P.D. is sine-shaped, and the 
to C; the more distorted the 
(6) If the condenser and the cho! 
in series, and if LK (27 /) 
the voltage across the choki 
to the voltage across the con 
wave is sine-shaped. Тһе g 
to V,, the more distorted wil 
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The Three Hundred and Sixtieth Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, March 7th, 1901—Professor JOHN 
PERRY, F.R.S., President, in the Chair. | 


Е The minutes of the Ordinary General Meeting held on 
ebruary 28th, I90I, were read and confirmed. 


The names of new candidates for election into the 


Institution were announced, and it was ordered that they 
should be suspended. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Members :— 
John Y. Nelson. 


From the class of Associates to that of Associate- 
Members :— 


Archibald John Walkom. 


From the class of Students to that of Associates :— 


George Henry van Corback. 
= С. Stirling and W. Henderson were appointed 
»eruüneers of the ballot for the election of new members. 
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INSULATION ON CABLES. 
By MERVYN O’GORMAN, Member. 


т. Introductory.—The value of cables made annually in 
England is, I estimate, £1,000,000 to £2,000,000, excluding 
submarine and telephone cables.: The gross profit might be 
£200,000, a good fraction of which goes to electricians, elec- 
tro-chemists, managers, and little enough to purely scientific 
research. Yet such research might appear to be specially 
needed by the peculiarities of the industry, not only from the 
uniqueness of india-rubber, gutta-percha, lead, and copper, 
and from the large quantities used, but because in a cable 
factory, unlike other engineering works, the materials cost 
from ten to eighteen times as much as the labour of аззет- 
bling them. А factory with 150 skilled and 150 unskilled 
hands can turn over £300,000 worth of goods in a year, 
i.e, {2,000 per skilled man without complex machinery, 
and it is therefore essential, not only to buy with the utmost 
discretion, but to study the peculiarities of the materials 
and give importance to that branch of the “intelligence 
department” which deals with their electrical, chemical, 
and physical properties. | 

2. We scarcely realise how unlimited and how little ех- 
plored are those fields of research. Suppose that by dint of 
mixing gums, resins, oils, powders, and solvents, we should 
get a perfect dielectric, waterproof for 100 years, flexible and 
extensible, so volt-resisting that the thinnest film suffices, 
with a specific capacity almost as low as that of air, yet 
adjustable to a high value; sufficiently firm not to decen- 
tralise, yet fluid enough when heated by an arc to close in 
and seal-up a fault. Suppose, besides all this, we can make 
it at 54. per Ib. applied, what will be the reward ? Far more 
than the value of the 3-wire Patents or the Dunlop Tyre, 
plus the benediction of all electricians. Even if this in- 
sulator is not forthcoming, we may note that it 15 from 
studying electrolytes and dielectrics that we may solve not 
only some mechanical difficulties of armature design, 
capacity difficulties in submarine telephony, or the hygro- 
scopic and electrolytic difficulties in wiring and tramway 


+ Last year’s total cable-produce in the U.S.A. is reported to be fifteen 
million dollars (Western Electrician Century Number). 
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work, but also that we shall get in touch with discoveries 
such as the Nernst filament or modern investigations of the 
most burning interest such as the dielectric strains due to 
Hertz waves or Dr. Pupin's submarine telephony. 

3. The subject is a large one from another point of view, 
for it is the value of the cables that practically decides us 
for alternating or direct currents, or that makes us prefer 
two or three phases, high or low voltages. It would be inter- 
esting to dissect critically the capital expenses of the electric 
supply industry (for power, or light or tramways or rail- 
ways) and count the instances іп which great expenditure 
has been made upon transforming plant of one kind or 
another, elaborate high-tension switchboards, extremely 
expensive insulation, to avoid an outlay on the copper of 
cables which time would have amply justified. Such a 
search would involve re-estimating most of the schemes, 
but it would show, I believe, that an important fact is lost 
sight of, the unparalleled endurance of copper. In the case 
of a large low-tension cable conveying, say, 1,000 kw. when 
the insulation has become valueless after an interval which 
may on the ordinary allowances for deterioration be fixed 
at thirty years, the value of the copper remains unaltered, 
say up to 70 per cent. of the value of the cable (supposed 
drawn into a duct). In the case of a high-tension cable 
such as 10,000 volts, however, should the insulation become 
worthless, the amount of copper in it is too small to be 
reclaimed, and at the end of thirty years' life a low-tension 
cable is worth 50 per cent. more than its rival. It is improb- 
able that cable makers trouble about this, and in any case a 
high-tension cable, though a riskier thing to make than a low- 
tension one, is also more profitable, and is a better adver- 
tisement ; so that even if they were consulted, which they 
are not, they would not discourage high-tension work. A 
cable maker, in so far as he re-sells copper which he has 
recently bought, is a merchant and obtains only a merchant's 
profits ; in so far, however, as he converts by means of his 
patent and secret processes, paper, jute or rubber into an 
applied dielectric, he is а manufacturer, he takes certain 
risks and gives certain guarantees, but he obtains upon this 
material and labour the very much larger manufacturer's 
profits. Owing to the necessary subjection of the technical 
to the commercial side, we find the scientific manufacturer 
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becoming submerged in the merchant who knows his 
markets for the valuable G.P., rubber, lead, copper, and we 
find him biassed in favour of any good dielectric that will 
sell, and that will enable him to continue his profitable 
dealings in these goods, rather than turn his attention to the 
riskier channels of new dielectrics. He does not only 


` object because the dielectrics are new; the merchant in him 


objects to the fact that he is not acquainted with the 
markets in which the new materials in question will have 
to be bought. As things are, he is right. He is assured of 
the permanency of the cable demand, and his fetish is a 
large turnover. Truly where there 1$ a large turnover there 
will be good profits. In confirmation, we have seen in 
recent years (through the garb of more than one prospectus 
which reveals the form it seeks to hide) how a cable maker's 
“good-will” may fetch the sum of £10,000, £80,000, and 
£100,000. I think the public are well advised to buy, even 
where there is included in the good-will item a job stock 
of provisional rights and assorted patents of doubtful 
“fighting” value. Тһе investor is justified by the per- 
manency of the demand. 

4. It is partly because the profits are great that the intelli- 
gence department does not strain forward. It is nothing to 
the commercial manager that all electric manifestations are 
essentially phenomena of the dielectric, or that in learning 
how to fill the intermolecular spaces of an oil with another 
oil, or a gum, or a powder, in linking constituents together 
or grading them to withstand disruptive stress, or in building 
up with design a substance of known dielectric constant, we 
cannot help tackling, and probably solving many problems 
of enormous scientific interest. This does not mean that 
manufacturers have not done, particularly at the inception 
of each new undertaking, some splendid work; but cables 
cannot be thrashed out like arc lamps, or coherers, and few 
are the cable makers who have read Oliver Heaviside or 
struggled with Maxwell. 

5. The sources of expert information on the subject 
are very few outside the circle of manufacturers, each 
with his own ship to steer, and necessarily preoccupied 
if not biassed by that employment. Price lists still 
provide somewhat misleading schedules which show an 
increase of about 20 per cent. in price to correspond to a 
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large though almost useless gain in the measured megohms 
per mile, whereas whatever superiority there may be in a 
dearer quality of rubber, for example, is entirely dependent 
on the good faith of the maker, and is usually unverified by 
the purchaser, however scrupulously he exacts his extra 
megohms. Those who are ignorant on the subject must 
rely on the well-established makers’ reputation to the 
detriment of new firms, however good their product and 
however much cheaper it may be. Within certain limits of 
price this 15 prudence, beyond these limits it is bad engineer- 
ing, because there enters into the definition of *engineering" 
a word often omitted in academic books, the word “cheaply” 
—cheaply to apply the forces of Nature to the service of 
man. Forexample, when insulators other than rubber were 
hrst brought in, it was noticeable that new firms, whose 
guarantors were good, were sometimes passed by in spite of 
a difference of some thousand pounds in their favour ; this 
difference, other things being equal, is a measure of our 
deficiency of knowledge. Such things occur even now, and 
there still exists the rubber bigot and the paper bigot. 
Details of manufacture are not our only weak point, c.g., it 
5 only two years since the discovery was announced by 
Steinmetz? that the disruptive effect of a sinusoid alternating 
voltage оп heavy oils is greater than that of peaky volt 
surgings from an induction coil, or high-frequency oscilla- 
tions, Should not this have been known many years 
ago ? | 

0. There is a work wanted in the electrical world on the 
lines of Professor Unwin's “Strength of Materials.” When 
this exists we shall be more secure in throwing a stone at 
the “factor of safety” of civil engineers by calling it a 
mere “factor of ignorance" without fear of tu quoque іп 
the matter of dielectrics, where we freely use factors of 20 
or more. 
. 7. Ц would appear that Edison's half-round conductors 
п a wrought-iron tube were amongst the earliest practical 
solutions of the distribution difficulty. Не originally ran a 
bituminous mixture in between the parts, but later took to 
taping each conductor separately and then taping over both, 


s course, “other things ” very rarely are equal. 
6th risu from а paper by Northrup and Pierce, Electrical World, Nov. 
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becoming submerged in the merchant who knows his 
markets for the valuable G.P., rubber, lead, copper, and we 
find him biassed in favour of any good dielectric that will 
sell, and that will enable him to continue his profitable 
dealings 1n these goods, rather than turn his attention to the 
riskier channels of new dielectrics. He does not only 
object because the dielectrics are new; the merchant in him 
objects to the fact that he 15 not acquainted with the 
markets in which the new materials in question will have 
to be bought. As things are, he is right. Не is assured of 
the permanency of the cable demand, and his fetish is a 
large turnover. Truly where there is a large turnover there 
will be good profits. In confirmation, we have seen in 
recent years (through the garb of more than one prospectus 
which reveals the form it seeks to hide) how a cable maker's 
“good-will” may fetch the sum of £10,000, £80,000, and 
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where there ts included in the good-will item a job stock 
of provisional rights and assorted patents of doubtful 
“fighting” value. The investor is justified by the рег- 
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gence department does not strain forward. It is nothing to 
the commercial manager that all electric manifestations are 
essentially phenomena of the dielectric, or that in learning 
how to fill the intermolecular spaces of an oil with another 
oil, or a gum, or a powder, in linking constituents together 
or grading them to withstand disruptive stress, or in building 
up with design a substance of known dielectric constant, we 
cannot help tackling, and probably solving many problems 
of enormous scientific interest. This does not mean that 
manufacturers have not done, particularly at the inception 
of each new undertaking, some splendid work; but cables 
cannot be thrashed out like arc lamps, or coherers, and few 
are the cable makers who have read Oliver Heaviside or 
struggled with Maxwell. 

5. The sources of expert information on the subject 
are very few outside the circle of manufacturers, each 
with his own ship to steer, and necessarily preoccupied 
if not biassed by that employment. Price lists still 
provide somewhat misleading schedules which show an 
increase of about 20 per cent. in price to correspond to a 
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large though almost useless gain in the measured megohms 
per mile, whereas whatever superiority there may be in a 
dearer quality of rubber, for example, is entirely dependent 
on the good faith of the maker, and is usually unverified by 
the purchaser, however scrupulously he exacts his extra 
megohms. Those who are ignorant on the subject must 
rely on the well-established makers’ reputation to the 
detriment of new firms, however good their product and 
however much cheaper it may be. Within certain limits of 
price this is prudence, beyond these limits it 15 bad engineer- 
ing, because there enters into the definition of “engineering” 
а word often omitted in academic books, the word “cheaply” 
—cheaply to apply the forces of Nature to the service of 
man. For example, when insulators other than rubber were 
frst brought in, it was noticeable that new firms, whose 
guarantors were good, were sometimes passed by in spite of 
a difference of some thousand pounds in their favour ; this 
difference, other things being equal, is a measure of our 
deficiency of knowledge. Such things occur even now, and 
there still exists the rubber bigot and the paper bigot. 
Details of manufacture are not our only weak point, e.g., it 
is only two years since the discovery was announced by 
Steinmetz? that the disruptive effect of a sinusoid alternating 
voltage on heavy oils is greater than that of peaky volt 
surgings from an induction coil, or high-frequency oscilla- 
tions. Should not this have been known many years 
ago ? 

0. There is a work wanted іп the electrical world on the 
lines of Professor Unwin's * Strength of Materials." When 
this exists we shall be more secure in throwing a stone at 
the “factor of safety" of civil engineers by calling it a 
mere “factor of ignorance” without fear of tu quoque in 
the matter of dielectrics, where we freely use factors of 20 
or more. 

T It would appear that Edison's half-round conductors 
in а wrought-iron tube were amongst the earliest practical 
solutions of the distribution difficulty. Не originally ran а 
bituminous mixture іп between the parts, but later took to 
taping each conductor separately and then taping over both, 


: Of course, “ other things " very rarely are equal. 
6th ee from a paper by Northrup and Pierce, Electrical World, Nov. 
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before drawing the whole into the pipe. Lack of flexibility 
led to joints every 20 feet, and eventually these were made 
to bend by a ball-and-socket аггапрете to allow for earth 
movements and expansion. Тһе thick copper conducted 
heat away very fast, and soldering was extremely difficult. 

8. Hopkinson's three-wire method displaced much of this 
two-wire cable, and later the American Section Underground 
Company made large cast-iron ducts intended for all kinds 
of cable on shelves, the shelves being expected to effect 
screening between telephone and other wires. The cost 
appears to have been very great, from the figure Mr. Kapp 
quotes (1886) of £3,000 a mile for a duct то inches by 
I5 inches. Proposals to revive this method for telephones 
in large towns are reappearing as an air-tight duct under 
dry-air pressure, and big enough for a man to pass through. 
The scheme is due to Messrs. Mortem and Kenney, and is 
perhaps not as visionary as it sounds. 

9. Brook's System 15 little used. Heavy oils are drawn 
into the tube into which tbe jute-covered cable has been 
pulled. Тһе tube is dried with dry air, the final drying 
being given by an excessive current in a special wire laid in 
the cable for the purpose. 

10. The Continental Underground Cable Company trusted 
mainly to the insulation of an asphalt conduit kept dry 
by dry-air circulation, the cable being very lightly insulated 
as a safeguard. Іп 1886 Kapp had no further knowledge of 
tbis method or of where it had been tried, and this brings 
me to the centre of my subject. 

II. Lead-Covered Cables.—Kapp, fifteen years ago, foresaw 
a future for them in low-tension work, but owing to the high 
capacity shown by Marcel-Duprez's 45 miles of experimen- 
tal cable, Kapp concluded that * with the high pressure 
employed the lead covering of the cable acted as an 
enormous condenser and gave rise to heavy electrostatic 
induction.  Lead-covered cables would only be applicable 
for currents of low E.M.F." He was not considering the 
all-compelling element of cost; dear rubber and cheap 
mineral products have turned the tables nowadays, and for 
20,000 volts most engineers would consider rubber out of the 
question for any but short wires or perhaps for armoured 
cables. 

I2. Clheafness.—X ven in the very early days cheapness 
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ga1ned a hearing for fibre, when in 1795 bitumen cables and 
paper cables were foreshadowed by Francesco de Salva, 
who talked over 13 kilometers on a cable of 24 wires, 
each of which was covered by bitumenised paper and 
was made to attract a bit of paper bearing a letter of the 
alphabet. 

The searchers after cheapness turned their attention 
naturally to the dielectric (which was six times the price of 
copper), and their quest led to four steps, partly bad and 
partly good :— 


(1) The degrading of the rubber with chalk, etc. 
(sometimes to excess) and vulcanising it. | 

(2) The employment of metallic tubes, first rigid and 
later flexible, these being generally lead tubes con- 
taining cotton, jute, oiled paper, etc. 

(3) The rigorous search for waterproof oils, gums, 
asphalt, celluloid, bitumen. 

(4) Discarding flexible dielectrics in favour of bare 
copper supported in conduits. 


I3. Degrading Rubber.—The first step of the rubber-cable 
makers in compounding down their material was a step in 
the right direction, a step in the direction of experimental 
research which, in those days, was probably as valuable to 
the life of the electrical industry as the invention of the glow 
lamp. Nevertheless, that research was sometimes, and I 
believe is even at present often conducted in an unscientific 
way; otherwise the cable people who were the first in the 
field would never have let the industry slip so largely from 
them to the advantage of separate makers of the lead-covered 
and bitumen systems. There are many stories of how ап 
individual foreman in the mixing shop used to discover by 
persistent minute modifications а recipe which succeeded 
and which he hid from his mates and his employer, reveal- 
ing just enough to show that he had now become indis- 
pensable. An intelligent foreman himself told me that his 
payment was based on his producing cables at a reduced 
cost ; he got half the reduction, whatever it was, on a 
certain schedule of prices : that foreman might mix how һе 
liked so long as he passed the tests and the cables were sold. 
In three years he made such a good thing of it, that he, a 
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before drawing the whole into the pipe. Lack of flexibility 
led to joints every 20 feet, and eventually these were made 
to bend by a ball-and-socket arrangement to allow for earth 
movements and expansion. "The thick copper conducted 
heat away very fast, and soldering was extremely dithcult. 

8. Hopkinson's three-wire method displaced much of this 
two-wire cable, and later the American Section Underground 
Company made large cast-iron ducts intended for all kinds 
of cable on shelves, the shelves being expected to effect 
screening between telephone and other wires. Тһе cost 
appears to have been very great, from the figure Mr. Kapp 
quotes (1886) of £3,000 a mile for a duct то inches by 
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dry-air pressure, and big enough for a man to pass through. 
The scheme is due to Messrs. Mortem and Kenney, and 15 
perhaps not as visionary as it sounds. 

9. Brook's System 1s little used. Heavy oils are drawn 
into the tube into which the jute-covered cable has been 
pulled. Тһе tube is dried with dry air, the final drying 
being given by an excessive current in a special wire laid in 
the cable for the purpose. 

то. The Continental Underground Cable Company trusted 
mainly to the insulation of an asphalt conduit kept dry 
by dry-air circulation, the cable being very lightly insulated 
аз a safeguard. Іп 1886 Kapp had no further knowledge of 
this method ог of where it had been tried, and this brings 
me to the centre of my subject. 

II. Lead-Covered Cables.—Kapp, fifteen years ago, foresaw 
a future for them in low-tension work, but owing to the high 
capacity shown by Marcel-Duprez's 45 miles of experimen- 
tal cable, Kapp concluded that “with the high pressure 
employed the lead covering of the cable acted as an 
enormous condenser and gave rise to heavy electrostatic 
induction. Lead-covered cables would only be applicable 
for currents of low E.M.F.” He was not considering the 
all-compelling element of cost; dear rubber and cheap 
mineral products have turned the tables nowadays, and for 
20,000 volts most engineers would consider rubber out of the 
question for any but short wires or perhaps for armoured 
cables. 

I2. Cheapness.—Even in the very early days cheapness 
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gained a hearing for fibre, when in 1795 bitumen cables and 
paper cables were foreshadowed by Francesco de Salva, 
who talked over 13 kilometers on a cable of 24 wires, 
each of which was covered by bitumenised paper and 
was made to attract a bit of paper bearing a letter of the 
alphabet. 

The searchers after cheapness turned their attention 
naturally to the dielectric (which was six times the price of 
copper), and their quest led to four steps, partly bad and 
partly good :— 


(1) The degrading of the rubber with chalk, etc. 
(sometimes to excess) and vulcanising it. 

(2) The employment of metallic tubes, first rigid and 
later flexible, these being generally lead tubes con- 
taining cotton, jute, oiled paper, etc. 

(3) The rigorous search for waterproof oils, gums, 
asphalt, celluloid, bitumen. 

(4) Discarding flexible dielectrics іп favour of bare 
copper supported in conduits. 


13. Degrading Rubber.—The first step of the rubber-cable 
makers in compounding down their material was a step in 
the right direction, a step in the direction of experimental 
research which, in those days, was probably as valuable to 
the life of the electrical industry as the invention of the glow 
lamp. Nevertheless, that research was sometimes, and I 
believe is even at present often conducted in an unscientific 
way ; otherwise the cable people who were the first in the 
held would never have let the industry slip so largely from 
them to theadvantage of separate makers of the lead-covered 
and bitumen systems. "There are many stories of how an 
individual foreman in the mixing shop used to discover by 
persistent minute modifications a recipe which succeeded 
and which he hid from his mates and his employer, reveal- 
ing just enough to show that he had now become indis- 
pensable. An intelligent foreman himself told me that his 
Payment was based on his producing cables at a reduced 
cost he got half the reduction, whatever it was, on a 
certain schedule of prices : that foreman might mix how he 
liked so long as he passed the tests and the cables were sold. 
In three years he made such a good thing of it, that he, a 
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workman, refused to compound and cancel his agreement 
for {£600 a year, and he could not be got rid of. 

I4. This system of secret recipes may be unavoidable, but 
15, [ think, a bad one for the industry, because instead of pro- 
ducing a school of scientific chemists learned in the art and 
selling their skill at a fair price, each progressing from where 
the other left off, the mixing foreman in any factory is prone 
to go independently over the old ground and make the same 
errors at the expense of, sometimes the purchaser and some- 
times his employers. Several large companies employ 
expert analytical chemists versed in the matter of rubbers, 
but even these have too many heterogeneous duties to con- 
duct a really productive research in an extremely difficult 
subject. 

15. When too much loading is given to any rubber to 
hold, the rubber leaves go before very long, as is well known 
in the case of cheap garden-hose. If such an excess as this 
is not reached, there is still danger that the rubber may fail 
to entirely envelop the extraneous particles. The mixture 
then attains a quasi-hygroscopic quality which can only 
be detected electrically after a protracted immersion of 
a fortnight or a month. Іп this case the insulation resist- 
ance which is often very high initially, steadily falls while 
the specific capacity goes up. The test is easy to make in 
theory, but as cable is always wanted in a hurry and the 
maker 15 by no means disposed to cumber his tanks with а 
fortnight's produce (the tanks would have to be as big as 
his factory, and he says so in plain words) this test 1s hardly 
ever made. 

16. Hygroscopic Material in Metal Tubes.—The value of 
this development, which we owe to the search for cheap- 
ness, need not be enlarged on. The relative prices of 
rubber and of such hygroscopic materials are somewhat 
as follows :— 


Ж per ton. 
Para rubber ... E Ms ... 400 
Congo rubber (balls) Же oe ... 300 
Celluloid is = m ... 200 
Castor oil ... 5, Jok e. 30 
Amber grease М.Р. 105 se F., "T ... 26 
Hard grease M.P. 114-1 169. F. i ue 123 

Refined special cotton oil ... е ... 10625 


1901.1 O'GORMAN: INSULATION ON CABLES. 615 


ж per ton. 
Oxidised cotton oil (nearly solid)... аз. 26 
Thick resin oil = к ке мә. E25 
Ordinary resin oil... pm m: xt 6 
Rosin...  ..  .. - т ше 50 
Mineral oil |... УЯ m e bu 45 
Pitch ... di s ... from £40 to 2°25 
Stearine pitch (flexible) ... Қ s 5'15 


These hydrocarbons other than rubber are mostly 
supported on fibrous bases which themselves vary largely 
in price, and have different advantages dependent on their 
cellular construction. Thus :— 


Good cotton (Egyptian) free from sheive 74. per lb. 


Good linen yarn unbleached — ... jue 7d » 
Fine тапШа paper ... M: Қ” іс Bde. Уу 
Good fine jute free from dirt and sheive... 3d. ,, 
Wood paper ке js s iw. 4102.29; 


17. Permanency. — ОҒ these, the best are unsized 
manilla paper and fine jute, because they possess some at 
last of the essential qualities of a cable dielectric, first 
among which is permanency. Whatever are the faults of 
Permanent substances, we can know them and provide 
against them. Their capacity does not suddenly go up, or 
their insulation down. Permanency is always difficult to 
Prove, and is always claimed for new compounds. 1 need 
hardly say it is rarely found. 

18. Many of us have made dielectrics excellent in most 
respects, but which developed in the course of a year 
а crystalline structure which fell to powder on bending the 
cable. This is à common and more dangerous fault than 
Is generally realised, and is often forgotten when a perfectly 
sound cable is withdrawn after a few years from one site 
and re-laid in another. 

19. Тһе methods which have survived till now are 
probably among the best, and I wish to point out what 
аге (һе qualities, some faults, and some desirable im- 
Provements—(1) in the dielectrics, (2) in the conductors, 
(3) in the sheath, (4) in armouring and laying.! 


' Owing to the length of this paper, the dielectric alone is dealt with here ; 
the rest will be shortly published in book form. 
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20. Dielectric.—The object of the insulation is to 
insulate, but high megohms per mile of cable are important 
only in feeders to facilitate fault finding, and unimportant 
in distributor cables and house wires where there are many 
terminals. Тһе number of probable terminals per mile of 
distributor or * points" per mile of house wire, settles the 
useful insulation by giving a measure of the weakest link in 
the chain. 1f the allowable leakage at any exposed points, 
say on porcelain blocks, were measured by 1o megohms, 
the leakage of the cable connecting these points might be 
measured by about ro megohms also, and we are thereby 
led to tolerate in practice a cable test of, say, one megohm 
per mile for house wires and distributors. Such wires 
would be quite satisfactory when a consumer's premises are 
supplied by a separate transformer. Ten times this might 
be required when the supply comes from a low-tension net- 
work ; but even there the insulation need not be so good 
when there are only small local networks supplied by small 
substations which are not interconnected.! The advantage 
of getting such a low test admitted verbally as well as tacitly, 
is that it throws open to research, and later perhaps to 
practical use,a large number of otherwise impossible sub- 
stances, such as celluloid, low-grade acid-free pitch, clay, 
perhaps even some such chemical treatment as case-harden- 
ing on iron conductors, rust, oxide on aluminium conductors, 
etc. A further advantage of low insulation. 15 that it 
diminishes the probability of high oscillating pressures when 
metallic switches are opened (as beautifully illustrated by 
Mr. Duddell recently), owing to the condenser being always 
shunted by a fairly low resistance. 

21. Although there has been a feeling that the dielectrics 
of cables give lower tests under high pressures, there 15 
some doubt as to tbe truth of this, and the variation 15 
not marked. It would seem that the lower tests are 
due to increased leakages at the ends, for experiments on 
dielectric. liquids. һауе shown that they obey Ohm's 
law, and that their specific resistance does not vary with 
the E.M.F. nor with the area of the opposed electrodes. 


! С.Н. Wordingham points out this difference in M.E.A. 1896 Proceedings. 

2 Stuart Russell, ** Cables," 1892 edition, p. 110. 

3 Naccari, N. Cimento, 8. 4. pp. 259-260, 1898. 

The accident by which Ohm's law does not hold with gutta-percha, 
paraffin, and. sulphur, probably gave rise to the original impression that no 
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A high E.M.F. would be useful in testing, however, by 
tending to decompose with sufficient rapidity for detection 
any water in the dielectric which might escape notice with 
lower voltage. Ohm's law, though not true for gutta, can 
probably be extended to plastic substances like bitumen, but 
no definite experimental data exist as far as I know for solids 
like paper and jute, with which there are great difficulties in 
experimenting, partly from the uncertainty as to the absence 
of water and the variations of chemical composition, and 
partly because it is not easy to say what the thickness of 
a ресе of paper is. 

22. In the case of feeders, especially for high-tension, 
the utility of being able to make a simple loop test to localise 
a high resistance fault without making allowances for the 
resultant of the normal leakage is good enough reason for 
using a high specific insulation. This property is, at least 
inthe case of paper, rosin, rosin oil, and I believe also in 
the case of bitumen and rubber, not only not coincident 
with high specific disruptive strength, but is to some extent 
inversely as the strength. This, of course, is a reason in 
favour of allowing moderate megohms even on feeders. 

23. As the price of cable depends upon its overall diameter 
to an extent not usually realised, every effort must be made 
to find substances of which very thin films give a high 
puncture resistance. If these could be got, we might be 
tempted to neglect the megohms on feeders as well as on 
distributors. As an example: the economy if the B.I.W. 
Co.'s Deptford main could have had a “radial ” of 03 inches 
instead of o's inches, and if the B.O.T. had waived the rule 
requiring уһ inch per 2,000 volts, would have been some 
hundreds of pounds. On the other hand, the megohms 
would have been less, not in proportion, but according 
perhaps to an inverse log law, except in the unlikely event 
of the new substance possessing both insulation and dis- 
ruptive strength in a proportionate degree. 

24. À temptation to the early workers to seek a very high 
test in megohms for cables exposed to hitherto unused pres- 
sures, may have arisen from the consideration that if the 


insulator obeys it. For example, thin gutta shows less insulation resistance 
(specific) than thick, and is also less insulating when measured with higher 
current densities. 

1 As a matter of fact they did gain some hundred pounds' worth of lead 
and insulation by the use of sector-shaped copper on the outer conductors. 
This will be separately considered under “ Conductors,” loss in stranding, etc. 
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insulation were absolute there would be no current through 
the dielectric, and the erroneous deduction that there would 
therefore be no fear of any electric disintegration with lapse 
of {пел Experience proves that sufficient security is ob- 
tained with comparatively few megohms, and large cables, 
say 19/16, such as I have myself made and tested, having 
50,000 megohms per mile, are now unheard of. 

25. Electrolytes at High Voltages.—Moreover, if we accept 
the Electrolytic theory of dissociation, we find that absolute 
insulation will not protect us against decomposition by 
electrostatic attraction of the ions if an electrolyte is on 
either side of the supposed absolute insulator. Nernst? 
and Ostwald have made the experiment under the писго- 
scope, and it is well to be on the safe side and adopt their 
conclusion that it also occurs in a degree at all practical 
voltages, however small. Further, as cations and anions 
travel at different velocities, we have no certainty, where any 
electrolyte is present within the pores of a perfect insulator, 
that even an alternating current at ordinary frequencies is a 
full security against decomposition.3 If this consideration is 
of any importance we must avoid electrolytes, that is, acids, 
bases and salts, and confine our dielectrics to chemically 
inactive organic compounds, or non-electrolytes, whose class 
distinction 15 :— 

(1) Non-conductivity. 
(ii) That they exert a normal osmotic pressure (that 15, 
in accordance with the law РУ/Т--і К. 


26. I think that rubber makers sin in this particular way by 
using electrolyte salts in their compounding. Mr. Alexander 
Siemens, himself a large maker of rubber cables, made the 
following pronouncement before the M.E.A. in 1896 : “ His 
firm had long ago come to the conclusion that rubber 
cables, unless lead-covered, were no good. They were 
absolutely certain to lose their insulation, especially in 
places where they were alternately wet and dry." Мг. О. 


1 S. A. Russell, “ Cables," 1892 edition, p. 114 raises this question, which 
can now be answered in the negative as in the text. 

2 Zeitschr. Phys. Chem. 3, p. 271, 1888. 

3 This consideration is not altered by Carmichael апа Swyngedauw's 
experiments, which, in so far as their results were negative, only show that а 
circuit, if composed entirely of electrolytes, is not decomposed. Thus thev 
made a transformer with an electrolyte secondary ; they also formed a closed 
circuit of electrolytes, the contacts between which gave rise to ап E.M.F., 
and observed no decomposition (Comptes Rendus, 131, р. 375, Aug., 1900). 
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Schaeffer, of the Duisburg Cable Co., also prefers not to 
guarantee any rubber not lead-covered. і 
27. Thisabsence of acids, etc., has never yet been entirely ; 
secured, as far as I know. On the other hand, Professor 
Kennedy gave evidence in 1898, before the Joint Committee 
on “Electric Energy,” to the effect that modern mains ZR | 
might be relied on for thirty years ; and as large numbers of 
modern mains contain electrolytes, this is testimony to the 
slowness of the action in question, at all events at modern | : 
relatively low voltages. | 
28. The amount of the presumable increase of what might ; 

be called electrostatic depreciation, including the formation 
of ozone, etc., at very high pressures, is, as far as І am aware, 
unknown up to the present, and must be risked, unless some 
of the great power companies choose to pay for having this 
and many other important matters scientifically investigated 
before buying their cables, for there is no doubt that the 
present fashion of shirking voltages above 10,000 max. must | 
pass away if we are to make serious progress in long- 
distance work in England (cf. footnote 1, par. 48). | 

29. Volt-Resistance.—Such а research would incidentally i 
explain a surprising fact about our high-tension cables, 
namely, the large thickness of dielectric required, compared | | 
to theactual strength of the materials employed.* A single strip | 


* T. Gray made an interesting series of measurements оп dielec- 
tric strengths, and his results given below may be taken ав roughlv 
comparable, though they are open to the objections that he used large 
spherical surfaces, took his voltages on the primary of a step-up transformer 
and assumed that a thick dielectric was reproduced by superposing a number 


of sheets :— : 
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(Т. Gray, Phys. Rev. 7, рр. 199-209, 1898). И we could ous secure this strength | 


іп practice, what an enormous gain would be made. 
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of pure dry manilla paper, weighing 70 grammes per square 
metre and about o*004 inches thick, will resist 1,000 volts max. 
(for weeks, and I think indefinitely) when tightly wrapped 
on a length of small wire and tightly lead-covered : four 
such papers impregnated with rosin and rosin oil will some- 
times resist as much as 12,000 volts alternating on a length 
of cable ; and yet twenty such papers, making a thickness as 
0°08 inch (an ordinary low-tension radial depth), cannot by 
any means be expected to withstand 50,000 volts on long 
lengths, though on a yard length of 7/16, say, they frequently 
will. A suggested reason for the superior strength of the 
short piece is that in а 100-yard length the probability of a 
streak of dirt or moisture, or of metallic particles, or of the 
oil having been crushed out of the paper in bending the 
cable, or of a bubble or vacuous space, or of an irregularity 
in the dielectric capacity, is one hundred times greater than 
in the one-yard length. Indeed, except to verify the 
mechanical effect of severe bending, any high-pressure test 
on a short length of cable proves nothing whatever about 
the bulk. 

30. Similarly a test for disruptive strength on small thick- 
nesses proves nothing about a large thickness of the same 
material, because a diminishing dielectric strength with in- 
creasing thickness 15 apparently inherent in most insulators, 
unless we allow that the experimenters whose results are 
available have made errors of remarkable similarity (see 
Appendix, T. Gray's tests on four oils). 

31. I think Professor Perry would ascribe part of the 
apparent extra strength of small thicknesses to the pre- 
ponderance of skin-resistance when the total resistance 1s 
small. The weakness of the larger thicknesses might also be 
partly ascribed to the fact that when the electrodes are no 
longer very large compared to the spark-gap, the stress lines 
will no longer be uniform, and the potential gradient will 
at some part of the insulation be greater than is given by 
the total voltage divided by the total distance between 
electrodes. "There is also the extra likelihood of impurities. 

32. Bubbles.—Not only must the mechanical formation of 
the smallest bubble be avoided in cable manufacture, but 
their electrical production must be guarded against. The 
insulation of a cable between concentric conductors or 
under the lead differs greatly from the slabs of the substance 
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to which inventors are always so happy to apply high voltages 
by means of a couple of brass balls or plates. The brass- 
ball test is worthless. 


33. The way to testa dielectric is on а length of cable. The 


area of surface of insulator under strain in a length of cable 
is enormously greater than in the case of a slab; the contact 
between metal and dielectric is more thorough, the curve of 
stress is totally different, the cable material will necessarily 
have to be bent about and handled, and, most important, 
the average value of the insulator, bubbles and all, is tried, 
instead of a single selected square decimeter. Bubbles are 
a great enemy of permanency and tend to loss of energy. 
If we refer to Berthelot’s experiments! (Science Abstracts, 
1050, vol. п.) on layers of dielectrics subjected to a high 
alternating E.M.F., we shall see that large numbers of sub- 
stances are either polymerised under the treatment, or give 
off bubbles of hydrogen or water.? 

34. The reason for objecting to bubbles is not usually 
appreciated: not only does the possibility of a single 
bubble increase the thickness of the dielectric throughout 
and thus add to the cost of the cable, but even the increased 
thickness is not as effective as the thinner dielectric if the 
insulator were continuous. This inefficiency of the thicker 
material (unless the increased thickness is equal to the 
diameter of the bubble) is shown by an experiment which 
is perhaps not as well known as it deserves to be :— 
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! Annal. Chim. Phys. 16, pp. 5-86, 1899. 

? Thus olive oil is polymerised in twenty-four hours ; alcohol gives off 
hydrogen and ethane ; the ethelene series is polymerised, loses hydrogen and 
approaches the camphene series ; formenes are converted into ethylenes. 
The fatty alcohols will absorb nitrogen if present from amidines and give off 
hydrogen. Some of the particular substances here mentioned are interesting 
because their reactions tend to preclude the use of that most promising 
modern material, celluloid, in the solution and treatment of which they are 
used. Berthelot used induction-coil currents, which, as before stated, are less 
severe than sinusoid currents in puncturing if not in chemical effect. How- 


ever, high-frequency currents probably occur on every system direct and 
alternating. 
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35. If we arrange two conductors A, C, at such a distance 
apart that the air is just able to withstand for an indefinite 
time, say, 10,000 volts maintained by a transformer, and then 
introduce between them a strip or two of glass or ebonite D, B, 
the insulation breaks down, although the glass is a more volt- 
resisting substance than an equal thickness of air. This 
experiment was shown by Tesla, and taken by him to show 
that ebonite was a less resisting substance than commonly 
supposed. Тһе explanation, however, is very different and 
quite simple : the rate of fall of volts per centimetre of air 
is the highest the air can withstand; as glass has a higher 
specific capacity the potential gradient in the glass is less 
steep than in the air, and the consequent increased steepness 
in D B punctures the air; and the heated glass there- 
upon soon gets hot and gives way under the alternating 
potentials.: 

36. Uniformity of Texture.—This experiment leads up to 
the idea of uniformity of texture in all classes of insulating 
materials which are built up in successive thin layers, 
especially when the layers as іп paper cables may not be 
closely compacted together for fear of losing flexibility, 
or when the layers as in rubber cables have (to econo- 
mise the more expensive insulators or to separate the 
copper from sulphur) to be composed of dissimilar com- 
pounds. With our present methods of manufacture it 
would seem that security is got in the one case by seeing 
that the impregnating oil has approximately the same 
specific capacity as the paper fibre, and avoiding crumpled 
paper, not a difficult matter ; and iu the other by avoiding 
too great a difference between the compositions of the coats. 

37. Ц is usual to make rubber cables with the better grade 
material next to the pure rubber (this can be tested any day 
by stretching the insulation of a cable till it breaks, the outer 
coat always gives way first), because a higher test is got in 
this way with less of the high-grade material; but unless 
the specific capacity of the high and low grade is properly 
adjusted or made to be the same, which it usually is not, the 
disruptive strength of the finished cable will suffer under 
alternating pressures. 

38. “ Grading.’—I suggest this name for a method of 
adjusting the specific capacity, dielectric strength and con- 

* К. Е. Fessenden (Amer. Inst. El. Eng., 1898), gives this experiment. 
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ductivity of the covering of a cable so that the materials 
composing it occupy the best possible positions, whether 
for resisting puncture or diminishing the energy loss in 
the insulation. 

This is to be done by departing Нот the strict 
homogeneity above recommended for cables as hitherto 
manufactured. 

Let us consider what happens in a cable dielectric where 
there is a difference between the potential of the core and 
that of the lead sheath. Тһе insulator and conductor may 


Materorlead sheath. 
əҰ ж Ж 
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FIG. 3. 


Бе supposed made up of layers of equal thickness as in 
a paper-covered cable, and these may be developed as in 
Fig. 3, ш which the vertical scale has been purposely 
exaggerated to show the thickness of the layers. 

Let the length of the horizontal line A B equal the 
circumference of the conductor of radius r. 

Let the length of the horizontal line X Y equal the 
circumference of the insulation of radius R. 

Let the perpendicular distance between lines A B and 


X Y equal the thickness of the insulation. 
VOL. XXX. 41 
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35. If we arrange two conductors A, C, at such a distance 
apart that the air is just able to withstand for ап indefinite 
time, say, 10,000 volts maintained by a transformer, and then 
introduce between them a strip or two of glass or ebonite D, B, 
the insulation breaks down, although the glass is à more volt- 
resisting substance than an equal thickness of air. This 
experiment was shown by Tesla, and taken by him to show 
that ebonite was a less resisting substance than commonly 
supposed. The explanation, however, is very different and 
quite simple : the rate of fall of volts per centimetre of air 
is the highest the air can withstand; as glass has а higher 
specific capacity the potential gradient in the glass is less 
steep than in the air, and the consequent increased steepness 
11 D B punctures the air ; and the heated glass there- 
upon soon gets hot and gives way under the alternating 
potentials. 

36. Uniformity of Texture.—This experiment leads up to 
the idea of uniformity of texture in all classes of insulating 
materials which are built up in successive thin layers, 
especially when the layers as in paper cables may not be 
closely compacted together for fear of losing flexibility, 
or when the layers as in rubber cables have (to econo- 
mise the more expensive insulators or to separate the 
copper from sulphur) to be composed of dissimilar com- 
pounds. With our present methods of manufacture it 
would seem that security is got in the one case by seeing 
that the impregnating oil has approximately the same 
specific capacity as the paper fibre, and avoiding crumpled 
paper, not a difficult matter ; and in the other by avoiding 
too great a difference between the compositions of the coats. 

37. It is usual to make rubber cables with the better grade 
material next to the pure rubber (this can be tested any day 
by stretching the insulation of a cable till it breaks, the outer 
coat always gives way first), because a higher test is got in 
this way with less of the high-grade material; but unless 
the specific capacity of the high and low grade is properly 
adjusted or made to be the same, which it usually is not, the 
disruptive strength of the finished cable will suffer under 
alternating pressures. 

38. “ Grading.”—1 suggest this name for a method of 
adjusting the specific capacity, dielectric strength and con- 

1 R. E. Fessenden (Amer. Inst. El. Eng., 1898), gives this experiment. 
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ductivity of the covering of a cable so that the materials 
composing it occupy the best possible positions, whether 
for resisting puncture or diminishing the energy loss in 
the insulation. 

This is to be done by departing from the strict 
homogeneity above recommended for cables as hitherto 
manufactured. 

Let us consider what happens in a cable dielectric where 
there is a difference between the potential of the core and 
that of thelead sheath. The insulator and conductor may 


FIG. 3. 


be supposed made up of layers of equal thickness as in 
а Paper-covered cable, and these may be developed as in 
Fig. 3, in which the vertical scale has been purposely 
exaggerated to show the thickness of the layers. 
| Let the length of the horizontal line A B equal the 
circumference of the conductor of radius r. 
| Let the length of the horizontal line X Y equal the 
circumference of the insulation of radius R. 

Let the Perpendicular distance between lines АВ and 


X Y equal the thickness of the insulation. 
VOL. ххх. 41 
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Let the perpendicular distance between the line AB 
and O equal the radius of, the copper. 

Then if the conductor is raised to 14,140 volts and ХУ 
remains at zero volts, there will be a current through the 
dielectric from А В to ХУ, and the fall of volts from AB to 
ХУ, which is 14,140, will in each layer be proportional to 
the resistance of that laver in ohms.t That is, it will be 
proportional to the length of the lines A B, C D, etc., to X Y, 
which are inversely as p, where p is the distance of any layer 
from O. 

Drawing the curve of potential in the dielectric from 
this law 2 for a 37/14 with half an inch of insulation, we get 
Fig. curve т. The steepness of this curve or its gradient 
at any distance from the core is measured by the angle the 
tangent makes with the horizontal, and in Fig. 4 curve 2 
the length of each ordinate represents this steepness. 

39. When the fall of volts across an element of thickness 
is great, the disruptive stress 1s proportionally great,3 and 
therefore Fig. 4 curve 2 shows what stress a uniform 
dielectric, on a cable under continuous pressure, is sub- 
jected to throughout its thickness (i.e. between r апа К 
of Fig. 3). This stress is greater near the conductor, 
and diminishes from the conductor outwards. 

40. If we wish to increase the working pressure without 
exceeding this stress, which (if the cable is properly designed) 
should be no more and no less than the maximum safely 
allowed by the specific strength of commercial insulation as 
used, it is at present usual to add more layers of insulation 
outside layer X Y. This, however, 15 exceedingly expensive 
(see Fig. 13), because from the nature of the curve of 
gradients the depth and cost of insulation increases very 
much more rapidly than the voltage. Thus, in the example 
used for the curves of Fig. 4— 


А 37/14 at 10,000 R.M.S. volts takes 4 inch of insula- 
tion 34 
A 37/14 at 20,000 R.M.S. volts takes 1°89 inches of 
insulation ; 
' [ have suggested on page бту how far Ohm's law may Бе justly applied to 
insulators (see Naccari, N. Cimento, 8.4. pp. 259-260). 
? The equation to this curve is No. 6 on page 637, where Vo = 14,140 volts. 
з Not only does Maxwell appear to be satistied as to this proportionality, 
but I think experimental evidence (Lombardi, T. Gray, and others) confirms 
it within the thickness of a continuous dielectric under strain. 
* Chosen because this is the size and voltage of the Deptford main. 


1901.) O'GORMAN : INSULATION ON CABLES. 625 


37/14 Cable at 10,000 R.M.8. Volts. 
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Let the perpendicular distance between the line AB 
and O equal the radius of the copper. 

Then if the conductor is raised to 14,140 volts and X Y 
remains at zero volts, there will be a current through the 
dielectric from А B to X Y, and the fall of volts from A B to 
X Y, which is 14,140, will in each layer be proportional to 
the resistance of that laver іп ohms.: That is, it will be 
proportional to the length of the lines A B, C D, etc., to X Y, 
which are inversely as p, where p is the distance of any layer 
from O. 

Drawing the curve of potential in the dielectric from 
this law 2 for a 37/14 with half an inch of insulation, we get 
Fig. 4 curve г. The steepness of this curve or its gradient 
at any distance from the core is measured by the angle the 
tangent makes with the horizontal, and in Fig. 4 curve 2 
the length of each ordinate represents this steepness. 

39. When the fall of volts across an element of thickness 
is great, the disruptive stress 15 proportionally great,3 and 
therefore Fig. 4 curve 2 shows what stress а uniform 
dielectric, оп а cable under continuous pressure, is sub- 
jected to throughout its thickness (i.e. between r and В 
of Fig. 3). This stress is greater near the conductor, 
and diminishes from the conductor outwards. 

40. If we wish to increase the working pressure without 
exceeding this stress, which (if the cable is properly designed) 
should be no more and no less than the maximum safely 
allowed by the specific strength of commercial insulation as 
used, it is at present usual to add more layers of insulation 
outside layer X Y. This, however, is exceedingly expensive 
(see Fig. 13), because from the nature of the curve of 
gradients the depth and cost of insulation increases very 
much more rapidly than the voltage. Thus, in the example 
used for the curves of Fig. 4— 


А 37/14 at 10,000 R.M.S. volts takes 4 inch of insula- 
tion ; 4 

А 37/14 at 20,000 R.M.S. volts takes r89 inches of 
insulation ; 


г [ have suggested on page бту how far Ohm's law тах be justly applied to 
insulators (see Naccari, N. Cimento, 8.4. pp. 250-200). 

? Тһе equation to this curve is No. 6 on page 637, where Vo = 14,140 volts. 

3 Not only does Maxwell appear to be satished as to this proportionality, 
but Г think experimental evidence (Lombardi, T. Gray, and others) confirms 
it within the thickness of a continuous dielectric under strain. 

* Chosen because this is the size and voltage of the Deptford main. 
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37/14 Cable at 10,000 R.M.S. Volts. 
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А 37/14 at 30,000 R.M.S. volts takes 5'3 inches of 
insulation ; 


whereas there are three wavs none of which have, as far 
as I am aware, been suggested before for negotiating the 
steepest gradient while making no increase in the insulation 
thickness bevond that of direct proportionality between the 
thickness and voltage used. 

41. The first method is obvious : it 15 to make the 
dielectric. strength of the insulation in each laver propor- 
tional to the stress (or voltage gradient) in that layer. This 
may be done by multiplying the number of layers so as to 
utilise skin resistance or by using special materials, for the 
inner or highly stressed layers, for example, mica, С.Р., etc., 
which has a high strength. 

42. Only a small improvement is possible in this хау, 
because many makers already employ for the whole of their 
insulation the strongest material that combines the various 
qualities of economy, flexibility, permanency, etc., while many 
others—for example, the rubber cable makers—are com- 
pelled by other considerations to put some such substance 
as pure rubber, which is not, I think, their strongest die- 
lectric, into the position of greatest strain. 

43. Ц is true that makers have sometimes tried intro- 
ducing in the covering of a cable a layer of extra 
strong and proportionately expensive material, with a 
view to diminishing the diameter апа total cost of 
insulation, but the attempt has generally been aban- 
doned because the results were either inadequate or 
irregular. The inadequacy may һе ascribed to the strong 
dielectric layer being usually put in some place other than 
where the potential gradient is steepest. The irregularity of 
the results is probably due to the alteration of the position 
of the steepest gradient by the unnoticed effect of the specific 
conductivity or the specific capacity of the “strong layer” 
displacing the strain from itself on to the surrounding 
weaker dielectric. 

44. The experiment of Figs. 1 and 2 gives an interest- 
ing example of the danger of introducing a “strong layer” 
without having regard to the effect of capacity on the 
gradient. 


The second and third methods of diminishing the thick- 
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ness of insulation consist in utilising these apparently 
objectionable qualities of conductivity and specific in- 
ductive capacity, and adjusting or grading them in each 
layer of the covering of the cable. 

45. The Conductivity Method.—By referring to Fig. 3 
if we make the specific conductivity of the inner layers of 
the insulation greater than the average, the difference of 
voltage between the two sides of each of these layers will 
thereby be reduced. In fact we may so adjust the specific 
conductivity of all the layers that the fall of potential in 
each of them is uniform. If 20,000 volts to the centi- 
metre may be assumed to be the maximum safe gradient 
tn the particular material under consideration, the curve 
of voltage (which now becomes a straight line) is shown 
in Fig. 4 curve 3, the stress is uniform throughout, and 
5 a straight horizontal line, no portion of the dielectric 
5 more idle than another, and the total thickness of 
dielectric required is 0'275”, instead of o'5". We shall now 
find that a 

37/14 at 14,140 volts (continuous) only requires — 0'275“ 

do. do. 28,280 ,, T » ” — 0'550” 

do. do. 42,420 ,, ji »  —0'825" 
The means for obtaining this result is simple. The exact 
specific conductivity to be given to each layer bears à direct 
Proportion to the ordinate of the curve of gradient plotted 
45 shown in curve 4, Fig. 4. 

| 46. This curve is in every respect similar to curve 2, 
Fig. 5, save that the radial depth of dielectric for which it 
із calculated is reduced from o: S^ to 0'275". 

47. Ifthe insulation of the cable is paper and rosin oil, the 
conductivity of the inner layers is easily lowered 50 or roo per 
cent., as required by the curve of gradients, by adding to the 
npregnating fluid used on the layers a very small percentage 
of linseed oil, which has no appreciable effect on the disrup- 
tive strength and is too small in quantity to effect any 
practical alteration in the specific capacity of the layers 

graded” by its use thus— 


No. of Laver, 


Thickness. Per Cent. of Linsced 
. А Ou added. 
Ist Outside 0°08" 25 о 
2nd next 0'03" " 0'CO12 
Ta n ius 0'05^ un 0'0023 
а, "n 0'05* ре 0'0042 
Sth inside 


0'05* ses 0'0005 


—— —- ағыт. m appo omo Щр “о = 


“ШҚ ет” 


623 ОСОКМАУ : INSULATION ON CABLES. (March Тіп, 


This method loses value (1) because of the large effect of 
small impurities; (2) because of the temperature co-efficients 
of the oils. | 

48. Capacily Method.—The specific capacity K of any one 
quality of insulation can be obtained from a cable covered 
with it by using the well-known formula— 


) 


| 
| 
| 
O 


where M is the capacity of an immersed (ог lead-covered) 
cable per mile in microfarads, and В and ғ are respectively 
the outside radii of the insulation and conductor. Mr. 
Mordey made experiments on a particular rubber cable for 


which M was the same when obtained at any alternating 


6 
voltage V from the formula M — mE and this result co- 


incided with the direct-current ballistic measurement. It 
is probable that the formula is approximate enough 
with sine curves alternators of any frequency m. (“A” 
being the alternate R.M.S. current in amperes).' For 
accurate measurements it must be remembered that the 
results depend (т) essentially on the sine curve and (2) 
if the frequency is varied on the particular dielectric ; 
Arno has found as much as 3 per cent. difference, and 
Lombardi, H. V. Carpenter, and others have indepen- 
dently come to similar conclusions. 

49. When the capacity 1s required of a powder, or a gum 
in the rough or an oil, or of a substance having a difficult 


: An extension of Мг. Mordev's test [I.E.E. Journal, January 10, 
1901] was made on three miles of 25,000-volt cable at the St. Croix 
Co., Wisconsin, U.S.A., on October t4, 1900, after laying and jointing. The 
frequency was kept constant and the charging current and voltage-curve was 
a straight line through the origin, thus showing that the capacity was constant 
at all voltages. Mr. Mordey's test was on rubber ; this was on paper cable. 

2 L. Lombardi (Appendice all’ Anuario, 1898-1899, Museo Industriale Torino, 
pp. 77) tested бо metres of Cortalloid cable (г = 025; R = 0°55) impregnated 
with tar, and lead-covered, and found the capacity to be 0:032 mfd. with direct 
currents, and 0028 mfd. with alternating—a very large variation. Lombardi 
(L'Elettricista, 5, pp. 1-8, 25-32. 1806; Beiblatter, vol. xx. р. 546) also made 
capacity measurements on condensers of different tvpes and with different 
dielectrics by*means of alternating currents the E.M.F. curve of which was 
exactly determined, and showed that with medium frequencies the apparent 
value of the capacity was different from and smaller than that with continuous 
pressures and considerable times of charging. The capacity is somewhat 
dependent on the frequency, but its variation, with good condensers, can, for 
practical purposes, be made inappreciable. 
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shape to deal with like paper, jute, cotton, or hemp, the 
specific capacity may be obtained according to a method, 
which I think is due to Nernst. The specific capacity of 
a volume of oil (which does not re-act on the powder, etc.) 
is measured, the powder is added and the mixture measured 
again. If the capacity of the mixture is not altered by 
the added substance, its specific capacity is found. И not, 
another known oil is used and the process repeated. In 
the case of roasted manilla paper the method gave the 
approximate result of т'8 (мг=т): for one sample of paper 
and 2:6 for another. 

50. Among innumerable methods of finding specific 
capacities may be mentioned that of C. B. Thwing, who 
obtains it from the chemical composition, density, and 
molecular weight of a substance and its components.? 
Briefly he showed that the specific capacity 


К = D/M (arkı + dake + аз + etc.) . . (3) 


where D = the density and M the molecular weight of the 
substance, and a, аг а. kı kak, the number of atoms or atom 
groups and their dielectric constants respectively. 


Н 


| Substance. Formula. | D | ом. ‚К. calculated. К. measured. 

ЖЭИЕ СОАК BN MM C 
Water... HOH |1 18 | 755 1 n | 

Glycerine ... | CHO H), 1:26 | 92 5717 562 | 

| Petroleum... | оз | | 2°08 | 2:00 

| | | | | | | 2:28 

| Paraffin... | | о:87 КЕН 2:20 | 232 

| Тигрепипе C uH | 0'87 eus 2°23 | 2:23 
Chalk ... | СаО CO, 2% m 6% 7 


of referring to Maxwell’s law that “ specific inductive capacity 


* A. Gray. "Absolute Measurements” gives the precautions to be taken in 
experimenting on capacity. The dearth of results giving s.i.c. at known tem- 
peratures of substances having a known chemical constitution is astonishing. 

? Zeitschrift für Physik & Chimie, p. 297, vol. ii. 


—щ РР oon ere ee Ee 
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multiplied by permeability equals the square of the index 
of refraction,” but it is unfortunately of no use. It only 
holds for very long waves, and is apparently subject to great 
discrepancies. 

52. The utilisation of specific capacity deserves to be 
considered because its economic importance has not yet 
been fully realised by cable makers, many of whom have 
perhaps overlooked the fact exemplified by the experiment 
of Fig. 1 and 2 that across a composite insulation the 
potential gradient divides itself inversely as the specific 
capacity of the various separate layers. 

53. Substances of dissimilar specific capacities can be 
utilised in much the same way as those of dissimilar 
conductivities for grading the layers of insulation and 
obtaining a uniform stress in all parts of the coating of 
a cable under alternating pressures. Even with continuous 
currents the specific capacity of the various layers of the 
insulation is of importance, e.g., when the cable is first 
switched on because the maximum stresses are frequently 
of a rapidly alternating character. 

54. Consider a homogeneous insulation to be made up 
of elementary condensers in series (Fig. 5), and disregard 
the conductivity of the dielectric for the moment. 

55. As all the condensers receive the same charge 
and are of the same material and thickness, the potential 
difference between the plates of each elementary condenser 
is less as its area is greater. That is, the gradient, or fall 
of volts across the element of thickness is inversely as 
the area—that is, inversely as the radial distance p of any 
elementary condenser from the centre. This gives us, 
again, the curve of potential Fig. 4, curve 1 on the 37/14 
cable. 

56. 1f now we arrange the specific capacity of every layer 
of the insulation so that the elementary condensers have, in 
spite of the difference of area, the same capacity, then when 
they are all given the same charge, they will have the same 
difference of pressure between their two sides—that is, the 
stress in every part of the dielectric will be uniform. This 
method has, I think, a serious practical utility, and the 
"grading" should be calculated, not for the working 
maximum volts, but for the probable greatest maximum 
volts. 
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57. А brief search among the available insulators shows 
that it is apparently easier, without detriment to disruptive 
strength, to adjust conductivities than capacities by an ad- 
mixture of small quantities of a less insulating substance, but 
even for direct currents there is a theoretical advantage to 
be gained by choosing that substance with a higher 
specific capacity than the matrix or insulation proper. 
Substances of any specific capacity immersed in a di- 


Ж 
АСА е 
Ж P ”/, 
f Ж ЖАН 


electric of a lower capacity tend to move slowly towards 
the place of steepest potential gradient. If there should 
remain after careful * grading" a slightly steeper potential 
slope near the inner conductor, for example, of a concentric 
cable, a tendency is thereby established which will oppose 
diffusion, and will tend to maintain or improve the pre- 
arranged disposition if the order of both conductivities 
and capacities is properly chosen.! 


1 Some such words as the following are to be found in Heaviside’s Electro- 
Magnetic Theory, vol. 1, art. 8r. 

“ А sphere of uniform permittivity in a uniform electric ficld causes the 
external lines of clectric force to be symmetrically distorted fore and aft, and 
therefore it has no tendency to move." 

If, however, the body be a very small piece in a field which is not uniform, 
it tends to move in the direction in which the energy or stress in the field 
increases most rapidly, independent of the direction of the electric force 
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58. When the outside of an insulated conductor 15 not 
exactly circular, but is either а number of small part circles, 
as in а strand of round wires, or sector-shaped and therefore 
offering two or more approximately flat surfaces and corners, 
which are usually rounded off, the electric intensity * will be 
greatest in the insulation which is nearest to the most 
protruding portion of the smaller curvatures of the con- 
ductor, and the potential gradients will be proportionately 
steep and will tend to disrupt the insulation unless correc- 
tion is made by either increasing the thickness of total 
insulation, as is done at present, or increasing the 
dielectric strength locally, or increasing the specific 
inductive capacity so as everywhere to correspond with 
the steepness of the potential gradient. 

59. The curve of gradients for any usual arrangement 
of conductors may be graphically obtained with sufficient 
approximation for practical purposes, and for this we shall 
utilise the apparently unimportant similarity between the 


curve of potential obtained by considering first conduc- 


tivity, and secondly capacity. 

The following suggestion which Professor Perry kindly 
made to me 15 of special assistance in the somewhat difficult 
case of a 3-phase or 2-phase cable. An enlarged section 
model of the cable is made and the conductors and sheath 
(if any) are maintained by accumulators at potentials pro- 
portionate to the instantaneous value of their potentials 
when in use; say 4 volts, 2 volts, and zero volts for a 
3-phase cable. A thin sheet of high resistance metal is 
laid across the section, and the equipotential lines are then 
plotted by pricking holes with two needles connected to a 
galvanometer, at those places where no deflection is ob- 
tained. Such an arrangement clearly takes no account of 
capacity. But an alternating potential ай commercial 
frequencies may be said to take no account of conductivity, 
and so we thus get the curve which we require. We can 
then confirm it mathematically by following out Mie’s work 
on Poynting’s Theorem.3 
when the permittivity of the body exceeds that of the medium. Ц will move 
in the opposite direction when the permittivity is less than that of the medium. 

* This is a measure of the gradient and therefore of the stress ; see short 
quotation from Maxwell in a footnote to p. 678. 

2 See Jacob, Electrical Rev., 38, р. 497, 1896. 

3 See a paper on Poynting's Theorem by G. Mie, in Zeitschr. Phys. Chem. 


34. рр. 523. Sept. 7, 1900, briefly abstracted, translated and followed out for 
practical use in Appendix vii. 
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60. When the dielectric matrix can be made sufficiently 
fluid by heat, and is free from interposed solids, the grading 
might conceivably be effected by maintaining a difference of 
potential between the conductors. To prevent the sub- 
stances from reverting, when the potential difference is cut 
off, to any other undesired arrangement of capacities, they 
might be so chosen that they should solidify or become 
highly viscous with time or by cooling, etc. Such a method 
would not only be slow, but might be imperfect owing to 
the forces being small. 

Example of 37/14 “graded” cable to stand 14,140 volts 
maximum :— 


No. of Layer. Thickness. Spec. Capacity. Per Cent. of 
Castor Oil. 

Ist outside 52% 'o8" s 2 sisi о 

2nd next a 'OS 17 2°27 «de 9'5 

3d ,, ex "05 «di 2°57 PE 20'5 

4th „ dus `О5 s 2:93 Pus 330 

5th inside ias '03 25. 3°40 4% 50'0 


бі. As now made cables are often inversely “graded.” А 
large class of fibre cables are given their final impregnation 
by immersing them in their entirety in a tank full of a 
mixture of an oil and some solid hydro-carbon, which, as in 
the case of rosin, frequently has a higher specific capacity 
than the oil and paper, as well as a greater disruptive 
strength. | 

62. During the process of this impregnation the fibres of 
the outer layers have the effect of filtering the solute from 
the solvent, and although the oil reaches and fills up all the 
pores of the innermost layers of paper, the solid is filtered 
away and only reaches the outer portion of the dielectric, 
which consequently has the greater dielectric strength and 
capacity, where they are not wanted. 

63. That the dielectric strength should be greater in this 
particular position is of little consequence, but that the 
capacity should be greater is a danger, because it tends to 
make the potential gradient steeper even than it would be in 
a homogeneous insulation close to the conductor. On the 
other hand, it would be worth trying to utilise this fact to 
graduate the conductivity or capacity by choosing the oil and 
solid to have a suitable viscosity at the temperature of the 
impregnating tank. 

64. A similar faulty arrangement is met with in ordinary 


= зан еа - ялы “ә ш — ыы ы 
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58. When the outside of an insulated conductor is not 
exactly circular, but is either a number of small part circles, 
аз ша strand of round wires, or sector-shaped and therefore 
otterinp two or more approximately flat surfaces and corners, 
which are usuallv rounded ой, the electric intensity 1 will be 
greatest in the insulation which is nearest to the most 
protruding portion of the smaller curvatures of the con- 
ductor, and the potential gradients will be proportionately 
steep and will tend to disrupt the insulation unless correc- 
tion is made by either increasing the thickness of total 
insulation, as is done at present, or increasing the 
dielectric strength locally, or increasing the specific 
inductive capacity so as everywhere to correspond with 
the steepness of the potential gradient. 

59. The curve of gradients for any usual arrangement 
of conductors may be graphically obtained with sufficient 
approximation for practical purposes, and for this we shall 
utilise Фе apparently unimportant similarity between the 
curve of potential obtained by considering first conduc- 
tivity, апа secondly capacity. 

The following suggestion which Professor Perry kindly 
made to me is of special assistance in the somewhat difficult 
case of a 3-phase or 2-phase cable. An enlarged section 
model of the cable is made and the conductors and sheath 
(if any) are maintained by accumulators at potentials pro- 
portionate to the instantaneous value of their potentials 
when in use; say 4 volts, 2 volts, and zero volts for a 
3-phase cable. A thin sheet of high resistance metal is 
laid across the section, and the equipotential lines are then 
plotted by pricking holes with two needles connected to a 
galvanometer, at those places where no deflection is ob- 
tained.? Such an arrangement clearly takes no account of 
capacity. But an alternating potential at commercial 
frequencies may be said to take no account of conductivity, 
and so we thus get the curve which we require. We can 
then confirm it mathematically by following out М’; work 
on Poynting’s Theorem.3 
when the permittivity of the body exceeds that of the medium. It will move 
in the opposite direction when the permittivity is less than that of the medium. 

1 This is a measure of the gradient and therefore of the stress ; see short 
quotation from Maxwell in a footnote to p. 078. 

2 See Jacob, Electrical Rev., 38, p. 497, 1896. 

3 Sec a paper on Poynting’s Theorem Бу С. Mie, in Zeitschr. Phys. Chem. 


34. pp. 523, Sept. 7, 1900, briefly abstracted, translated and followed out for 
practical use in Appendix vii. 
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бо. When the dielectric matrix can be made sufficiently 
fluid by heat, and is free from interposed solids, the grading 
might conceivably be effected by maintaining a difference of 
potential between the conductors. To prevent the sub- 
stances from reverting, when the potential difference is cut 
off, to any other undesired arrangement of capacities, they 
might be so chosen that they should solidify or become 
highly viscous with time or by cooling, etc. Such a method 
would not only be slow, but might be imperfect owing to 
the forces being small. 

Example of 37/14 “graded” cable to stand 14,140 volts 
maximum :— 


No. of Layer. Thickness. Spec. Capacity. Per Cent. of 
Castor Oil. 

Ist outside сё 'o8" e 2 T о 

2nd next is 05 ке» 2°27 hs 9'5 

xd , ae "05 Ps 2:57 ке 2075 

th sie "05 Pus 2:93 TT 330 

sth inside ге "05 ds 3'40 x 500 


61. As now made cables are often inversely “graded.” А 
large class of fibre cables are given their final impregnation 
by immersing them in their entirety in a tank full of a 
mixture of an oil and some solid hydro-carbon, which, as in 
the case of rosin, frequently has a higher specific capacity 
than the oil and paper, as well as a greater disruptive 
strength. | 

62. During the process of this impregnation the fibres of 
the outer layers have the effect of filtering the solute from 
the solvent, and although the oil reaches and fills up all the 
pores of the innermost layers of paper, the solid is filtered 
away and only reaches the outer portion of the dielectric, 
which consequently has the greater dielectric strength and 
capacity, where they are not wanted. 

63. That the dielectric strength should be greater in this 
particular position is of little consequence, but that the 
capacity should be greater is a danger, because it tends to 
make the potential gradient steeper even than it would be in 
a homogeneous insulation close to the conductor. On the 
other hand, it would be worth trying to utilise this fact to 
graduate the conductivity or capacity by choosing the oil and 
solid to have a suitable viscosity at the temperature of the 
impregnating tank. 

64. A similar faulty arrangement is met with in ordinary 
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vulcanised rubber cables. Тһе pure rubber which is placed 
next the conductor has a specific capacity of about 2:3. The 
high-class compound which comes next to this may have 
a capacity of 2:6, and аге.5о per cent. stronger, and the 
outer layers, which are almost invariably made of lower- 
grade material (see paragraph 37) have often a specific 
capacity of three and more, a very poor insulation resis- 
tance, and strangely enough up to three times the puncture 
strength of some samples of better class compounds. 

65. The layers of insulation on such cables are arranged 
in the opposite order of capacity to the most efficient, and 
are only enabled to stand because the vulcanised compound 
rubber has a sufficiently uniform texture and a high dielectric 
strength (see Fig. 22). I think there is no question that, 
bulk for bulk, the best vulcanised rubber is stronger than 
the best impregnated paper, and its day will come when 
really high pressures are used (see Fig. 21), but just 
now it needs all its dielectric strength to compete in cost at 
present prices. Ц is chiefly on armoured cables that their 
lesser diameter results in such a saving of steel tape as to 
allow rubber cables to win in the price competition. 

66. It may be possible to grade paper cables by “loading” 
the paper with barytes, clay, gypsum, etc., but it is not safe 
to prophesy whether or not the dielectric strength of loading 
materials, applied as they would be in powder form, would 
allow of their utilisation with advantage. А few simple 
experiments will solve this, however, and I have made 
arrangements with the courteous proprietor of the Hele 
Paper Co., S. Devon, to obtain a large number of samples 
of known composition.! 

67. At present it will be found that rubber-covered H.T. 
cables have as much as double the capacity of fibre cables. 
This is due (1) to the specific capacities being as 3 to 2, and 
(11) to the superior dielectric strength of rubber which allows 
the conductors to be placed nearer together. Іп non-con- 
centric cables this capacity can be diminished by adding, if 
required, а bed or worming of jute, сіс., and the reduction 
can be more cheaply done with rubber than И there is to 
be a coat of lead over each wire, which 15 the safest way 
with 3-phase hygroscopic cables other than feeders. 


* | am also indebted to M. Champin (Paris) and Messrs. Crompton and 
Messrs. Fletcher for samples of excellent thin paper, on which I have made 
innumerable tests. 
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68. Capacity of a Three-I'ire Cable.—1 do not think there 
is any simple manner of calculating the capacities of lead- 
covered, three-wire, non-concentric cables.! In a particular 
experiment an approximation was got as follows :— | 

The capacity of two parallel wires laid on а н. 
system, if not lead-covered but buried in the insulator, ts 
per unit length— | 


Te OD ES НИЕ K Ен an ПЕР: ө . e . . (4) 
2 log (a a? — 1) 


where K is the specific inductive capacity of the insulator, 
and— 
ш 12 
: МЕ оК 


and where d is the distance between the centres of the 
wires, whose radii are R, R'.2 | 

бо. Where there is a lead sheath at a distance equal to 
the distance between the surfaces of the wires, and further a 
third wire in the solid dielectric, 10 per cent. must be added 
to get the capacity between any two. Lastly, the capacity- 
current for all these wires will be approximately 33 per 
cent. greater than the capacity-current calculated for two 
wires as above. | 

70. Capacity of а Two-Wire Cable is given. by б. W. 
Patterson 3 as follows :— 


If the radius of each wire be R ; 
If the least thickness between wires be d ; 
If the spec. dielectric capacity = К; 


' Capacity.—B. Breisig (Elektrotech. Ztschr., 20. рр. 127-131, 1899). Now 
that multiphase work is making the concentric cable less prominent than 
heretofore іп H.T. transmissions, a formula Гог the capacity of twisted 
wires is of value, even though it only gives an approximation. А two-wire 
cable may be regarded as three condensers in parallel, and Breisig gives 
ап expression for more wires. Тһе capacity К is approximately given 
by the formula— 


K=cl+(1—K)c. 
cL 12 
Y ү 


Fic. 6. 


: J. B. Pomey, Есі. Electr., 19. рр. 131-133, 1899. 
Phys. Rev., 3. рр. 309-313. 
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Then the capacity in microfarads per centimetre length 1s 
J (4Rd + ELE 
J/(4Rd+4d?2)—d/ 

It is interesting here to point out that the capacity of 
the lines of an overhead three-phase system may, according 
to Perrine and Braum, be considered as that of three con- 
densers connected between the wires in a star and not a 
mesh pattern. If the centres of the wires are at the 
corners of an equilateral triangle whose side is d, and if r 
be the radius of the wires whose length is L, the charging 
current can be calculated by supposing three condensers, 
each of capacity C, where 


= (1206 x 1079 K) + log ( 


0°0388 L 
(бра б Әз ОЕ 
logro A 


microfarads connected starwise between the mains. Ш the 
capacity be considered as mesh connected, then the 
charging current would be 43 times the charging current 


i 1 А 2 
of a single phase ; И star connected, the current is a of 
3 
current on a single-phase line. 


71. If my “graded” cable has any utility, it will be 
interesting to know its capacity, which cannot, of course, 
be calculated according to the ordinary law ; it works ош 
to be simply inversely as the radial depth of insulation in 
all single and concentric cables (see equation No. то below), 
and the fall of potential curve is a straight line (see equation 
No. тт below).! 


t Let OA = inner radius of diclectric = r. 
„ ОВ = outer radius of dielectric - K. 
» У. = difference of potential between inner and outer conductors. 
, V = difference of potential between any point P in the dielectric 
and the outer conductor. 
ОР = р. 


О = charge on unit length of inner conductor. 
К = specific inductive capacity of dielectric. 

, С = capacity per unit length of cable. 
If K is constant-- 


ap 

Кр 
у А log a — log r 
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I am indebted to Mr. C. S. Whitehead for the following :— 


FIG. 7. 
or 
V log o] ғ 
y ED NT кл 6. (0) 
К E 
C= d RT (7) 
If K is the function of p-- 
I 
- - 8 
С ; (8) 
dp 
TE- 
a 
p 
„ар 
| Бер 
У. —У r 
[м = В 
dp 
r 
R 
I do eae 
If we put - = | ~z~ Which is a constant. 
т Кр 
4 
- р 
а ap ЖОЛГО ТУЗ. 
У 7 Кр 
r 
ГК varies as the slope of (6), 
| т dV т. 
we have slope = -y ue б ; 


т . 
therefore we may put К = pi where 1 is a constant. 


Therefore from (3) the capacity per unit length of “graded” cable is 
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72. Magnitude of Capacity.—From the point of view of 
| regulation alone, a line should be designed for the smallest 
possible capacity-current without any attempt to balance 
the line capacity against the lag, because the inductive drop 
varies as the load, whereas the capacity is а constant, so 

| that no арргесаМе economy of regulation is obtained. 
| К. А. C. Perrine! recommends that ай substations 
| reactance coils be used to regulate the voltage instead of 
| regular transformers, because they will neutralise the 
capacity-current and diminish the generator-current and 

| { line losses at no load. 

| 73. Value of Capacity.—ln spite of the apparent feeling 
| in this country against it, it is difhcult not to be favourably 
impressed by the advantages of capacity in the cables of a 
| power system. When we consider that (1) hysteresis and 
| other dielectric losses аге small compared to the inefficiencies 
of the mechanical and electrical generators, that these losses 
do not necessarily bear any such regular proportion to the 
| capacity as is implied by the use of the term “ power-factor," 
that they may be reduced by using a sine-wave, that they 


For the fall of potential in this case we have— 
R 
Д == dp = Ker 5 
, n n noc 


| therefore m —-;—--- 
| Е 


therefore the fall is given by (4) — 


“ey (deer чш) 


therefore the curve is a straight line. 
1 Elect. Юст. N.Y., 37. pp. 152-153, Aug. 15, 1000. This, however, is by 
r no means final. Dr. de Hoor favours a large capacity (Electrician, Feb. 8, 
| 1001) from the point of view of the ethciency of the generators and 
| | armature reactions, preferring a leading current to the lag usually. found 
D in practice. If this view should receive full corroboration, concentric 
cables can be so connected up as to afford much larger capacities than have 
\ hitherto been usual. For although the great charm of a concentric cable ts 
Eon the fact that the potential between the outer and earth is nil, whether the outer 
a! be earthed or not if its ends be free, and that it may be kept nearly ий when 
| lamps are connected by earthing the outer, thereby reducing the thickness ot 
insulation on the larger diameter wire, and securing that only one pre-arranged 
' pole of the alternator shall be alternating largely in potential above and below 
the carth's potential, these merits may be foregone, and bv cross-connecting 
the outer and inner conductors in segments of equal length, we may not only 
make the capacity on the two mains equal but very much greater than before 
it. Andriessen quotes a case where a 65 per cent. increase was so obtained. 
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may be made smaller by purifying the dielectric (Threlfall) 
and further diminished by obtaining the minimum slope of 
potential by “ grading.” (2) The generator and line losses 
are diminished by improving the power-factor (Kapp found 
3°5 per cent. difference of loss between power-factors of 
го and о8 іп a generator alone). (3) The initial cost of 
the generator is diminished by an amount which may reach 
20 per cent. by a power-factor of o8 instead of т.о. 
(4) The cost of a capacity of 1 microfarad for 10,000 volts 
is not less than бо, whereas in the cable it can be had 
for nothing. (See also C. V. Drysdale, Electrician, April 5, 
1901, p. 89o.) 

74. Radial Depth of Dielectric.—Knowledge of this is 
practically the foundation of the power-cable makers' art, 
justas in telephone cable making the amount of elbow room 
to give any size of wire with any given number of neighbours 
is the cardinal fact which 1s so rarely discussed outside of 
the manufacturers' circle. 1t is interesting to consider the 
subject of “radials” at some length, not from the point of 
view of small conductors and small voltages, but in the case 
of large conductors and high pressures, both of which will 
be of interest in the immediate future. 

If we double the radial depth, can we double the applied 
pressure between conductors? If we increase the size of 
conductor, must we increase the radial thickness for the 
same volts? The tendency has up to the present been to 
answer both questions affirmatively, though with hesitation ; 
the curve of gradients points to an opposite conclusion. 
How, then, does the price vary ? 

75. We must commence by giving the values which 
practice has fixed to а number of variables. We may 
suppose the insulating material has a constant volt-resisting 
quality per centimetre thickness measured between plane 
surfaces. Trowbridge (1898) has proved this true for large 
thicknesses of air, and T. Gray (1898) for all thicknesses of 
paraffined paper. It is not true for small thicknesses of 
substances like paper impregnated with oil, empire cloth, 
mica, ete, but the law is known, having been investigated 
by T. Gray and others. Some idea of the law is given by 
the curves Figs. 8, 9, 10, 11, 12. 

76. It will be seen that with the exceptions of paraffined 
paper and air, the disruptive strength is great when the 
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testing plates are near together, and diminishes according to 
an approximate hyperbolic law with increasing thickness, 
reaching after a certain thickness, а nearly constant lowest 
value. One would think that this lowest value might be 
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taken as safe for cable-making, but on referring to practice 
we find that a factor of safety of 10 to 20 15 used, and this 
brings us well on towards the flat part of the curves. И 
is unnecessary to say that every nerve has been strained to 
reduce the. factor by seeking: for. cleanliness; uniformity of 
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material, absence of metal particles, etc. The effect on price 
of reducing this factor of safety, or what eventually comes 
to the same thing, increasing the available disruptive strength 
of the material applied, is given by Fig. r3, which takes 
the example of a 37/14 at various voltages from 3,000 up- 
wards, and shows, for example, that halving the factor of 
safety will make a thirtyfold economy of insulation at 
30,000 volts, and a fivefold economy at 10,000 volts. Had 
the effect of thickness іп weakening the dielectric been 
considered, the advantage of a strong dielectric which 1s 
not weak for any thickness would have appeared greater. 

77. Until we are quite clear that such phenomena as Mr. 
Duddell showed us in his admirable paper on the 13th Decem- 
ber, 1900, do not, as I believe they do not, often occur in 
practice, we should be rash to diminish our factor of safety 
much below ro, as it is difficult to secure that carbon-break 
switches and other precautions shall be universally used. 

78. Fixing then, as we unfortunately must, on the dielectric 
stress which has so far been found in good practice to be 
the maximum allowable, and which is the same for fibrous 
cables as Mr. Swinburne found for condensers, namely, 
about 20,000 volts per centimetre,t we must consider the 
effect produced upon the *radial" depth of insulation by 
varying the diameter of the conductor. We are accustomed 
with low tensions to increase the “radial” with increasing 
thickness of copper according to some such rules as those of 
the Institution.? 

79. This custom is the outcome of experience, and 15 
chiefly based on obtaining the mechanical rigidity necessary 
with the increasing weight and stiffness of copper as well as 
keeping above the somewhat arbitrary 300 megohm standard 
(on 19/16 cables). 

80, With high tensions, disruptive strengths must eventu- 
ally be the dominant factor, and the thickness of the insulation 
be determined3 by assuming that manufacture is so improving 

1 This is less than the dielectric strength of air if we consider the working 
maximum pressure to be the greatest to which the cable is subjected, and dis- 
regard pressure oscillations of unknown origin. As a consequence, the danger 
of air bubbles has not in the past had the consideration it will have with 
improved cable manufacture and high voltage. Layers of air, unlike bubbles, 
may not be a disadvantage if the layers be thin, for a very different reason. 

2 Add 30 mils to one-tenth the diameter of the cable. 

3 This subject has been concisely dealt with by Mr. Swinburne 


(Engineering Conference, June 7th, 1899) in a paper that was not adequately 
recognised at the time, owing to the author's being unable to read it himself. 
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that the dielectric is applied in a more and more homo- 
geneous state, clean, free from spangles, dirt, moisture and 
bubbles, and that for high potentials it will be chiefly 
necessary to consider the maximum pressure and not 
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pressures and conductors. The formula which gives the 
radius R of insulation for a given voltage E is given. by 
Mr. Swinburne 1 :— 


E 


ТС .*.105 В = 4-4logr . . (12E) 


d p p rY 


S.E-SrLog: А where S is the maximum allowable stress 


per centimetre, and r the radius of the conductor in centi- 
metres. : 

81. This formula follows Maxwell (see Appendix VI.) in 
assuming that dielectric strength may be measured by the 
electric intensity when the dielectric ruptures. 

There is some possibility that the dielectric strength 
within the materials is also constant even for small thick- 
nesses, but that owing to the skin resistance between metal 
and dielectric, and possibly between the various layers of 
insulation, the measurements of Р.О. have come out dis- 
proportionately high. The suggestion of a skin resistance 
I owe to Prof. Perry. 

The remaining constants are as follows :— 

82. Copper is taken at £100 a ton (ог 11d. per Ib.), a price 
which is rather too high. This is to cover market fluctu- 
ations. I justify its use because the deductions and curves 
which follow are only comparative, and the effect on 
the total price of the various insulation. thicknesses 
outweighs the price of copper on both small and 
large sizes ; for example, between 15,000 kilowatts and 
30,000 kilowatts the price of cable is nearly constant, 
although the copper varies from 0:53 sq. in. to r5 sq. 
in. Another reason for taking a high price for copper 
is that the labour of handling and jointing will depend on 
the weight of the cable even though the radial thickness of 
insulation may go down. Lastly, the decimal figure £100 
IS easy to correct if a more accurate estimate 15 available. 
The £100 is made up as follows. G.M.B. Copper in the 
market £78, cost of wire drawing £8, stranding £5, shop 
charges and administration £10 per ton. 

83. Insulation £50.—This price is too low for rubber 
cables, but as it is well known that the cost of fibre 


: J. Swinburne's paper (before Eng. Society, 1897) on Electrical Trans- 
formation. 
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together with its lead is of the same order as rubber, it will 
follow that the general trend of the curves holds for rubber 
also, only the maxima and minima will be more marked 
for any class of insulation dearer than I have selected unless 
the disruptive strength is correspondingly greater. Paper 
£35 a ton, impregnating oil £7, labour £10, administration, 
etc., £109. 

84. Lead.—(25 а ton was taken to allow for the labour 
of lead-covering, which is high. А thickness of 07125 


Potential difference in electrostatic 
utes. 


Thickness in hundredths 
(400) of & centimetre 


FIG. ІТ. 


inches was taken in all cases. This thickness is rather 
small for large cables, which sometimes takes 0°15 ОГ 0718 
inches. It this increase of lead had been allowed for, the 
rate at which the cost of cables increases with increase of 
output would have been still further diminished, . within 
... Of copper section, but the character of the 
ian = not be altered, only accentuated. (Best 
in) < £15 а ton, labour £3, administration £6 a 


85. The Current Densities necessary to get the same loss, 
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(10 per cent.) of power in the 47-mile transmission at the 
Various voltages are :— 


40.020 30.000 25.000 20,070 15.000 10,009 volts. 
1,000 750 625 500 £375 2850 amperes per 
sq. in. 


86. The Labour of applving insulation or lead is not a 
price per pound, but rises according to a ditferent curve 
not a straight line. It is easy, though laborious, to apply а 
correction, and it will be found not to affect the general 
tendency of the curves. 
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Fic. 12.—Paraffined Paper. 


87. The Frequency has been supposed low. 

The curves on Figs. 16, 17, 18, 20, show that increasing 
the diameter of the conductor may produce such a diminu- 
tion of dielectric thickness as to lessen the total price, and 
it follows that when this happens, it is cheaper to use hollow 
than solid conductors for certain sizes of wire, namely, for 
all those sizes where I have dotted the curve of price.! 

The frequency has been supposed chosen very low, so 
that the increased impedance of the conductors may be 
disregarded for all the practical sizes ; nevertheless the 
necessity for low frequency in the larger sizes is shown by 


1 From this, it follows that (leaving out of account high frequencies where 
there are special advantages for a hollow conductor over a solid one) in high- 
tension work a considerable gain may be made by using aluminium instead 
of copper because the aluminium has a greater diameter by 28 per cent., and 
this gain is the greater for certain sizes and pressures the more expensive the 
insulating material. I owe this suggestion to Mr. Swinburne. 

It is further enhanced bv the ease of handling, 50 per cent. less weight for 
equal conductivity, and in cables the difficulties of soldering joints, and the 
irregular tensile strength complained of by Mr. Gavey (Jan. 10, 1901) are more 
easily surmounted than in overhead wires. 
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Fic. 14.— The section of copper being constant, we may take the power 
which may be transmitted as proportional to the square of the voltage. 

It is to be noted that were a high value of S allowable (say, 50,000 volts 
per cm.) at d, the price of an insulated 37/14 cable for different voltages 
increases much less rapidly than the voltage, and therefore very much less 
rapidly than the power which such a cable could transmit. Therefore where 
$ is high, it pays to use high-pressure cables up to say 30,coo volts. When S | 
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Mr. Mordey's well-known tabulation of Lord Kelvin’ 
formula quoted in an appendix to this paper. 

88. Skin Effect.—1n the absence of any but meagre 
evidence to the contrary, the voltage in the insulation пех! 
to the conductor is taken as being equal to the voltage of 
the conductor itself, although it probably is somewhat 
lower. 

89. Shape of Conductors.—These are supposed cylindrical, 
and free from points or projections of small curvature. 

On the above assumptions, the relation between the 
radius of the copper conductor and the radial depth of 
insulation is shown in curve r5, from which it is seen that 
the thickness of insulation falls at first rapidly and then 
steadily as the conductors get larger and larger, and this 
answers question one in the negative. Doubling the radial 
depth by no means allows of doubling the pressure. 

go. Three-phase or Siugle-bhase.—Mr. Swinburne worked 
out the thickness of insulation for the four methods of trans- 
mission, 1.е., direct-current, and with currents of one, two, and 
three phases, but with a fixed weight of copper and fixed cur- 
rent density to be used in all cases, and I think his results 
should be considered here. I therefore give two tables of 16 
and 17 estimates for his cables on the basis of the assumed 
constants numbered 82, 83, 84, 86, 87, 88, and 89 above. 
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91. lt will be seen that three-phase currents allow of 
more power being transmitted for equal weights of bare 
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91. Ц will be seen that three-phase currents allow of 
more power being transmitted for equal weights of bare 


ац: 
ни: ҮШ 


gth is 


Е 
ЖІК ШЕ ШЕ БІНЕ 
S Gradients in volts рег ст. 


IG. I4.— Curve showing the reduction of depth of insulation on a 37/14 when the dielectric stren 


increased but kept homogeneous. 


Di 


H. 

FiG. 14 shows that if 30,000 volts or 40,000 volts is likely to be the 
limit of pressures for structural reasons in alternators, switchboards, &c., there 
is no great economy on cables to be made by increasing the dielectric stren th 
alone beyond 50,000 volts per cm., and experiments need not be made in that 
direction beyond that limit. 
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copper ! in every case (except one which is scarcely practic- 
able), but in this set of examples € they transmit less kilowatts 
per pound sterling when insulated and lead-covered. 

92. This consideration appears to be in favour of single- 
phase work for powers of from т,500 to 5,000 kilowatts at 
and about 10,000 maximum volts, but it does not follow 
that single-phase is best. 

93. On the contrary, with insulated cables considerations 
of price lead to the opposite conclusion to Mr. Swinburne's, 
who found that “ his figures broadly showed that the direct- 
and single-phase systems are preferable as far as cost and 
convenience of insulation go." I think he would not have 
come to this conclusion if he could have got estimates for 
sizes of copper and voltages other than those he proposed. 
The broad conclusion is not allowable. The single-phase 
is best with small copper, cheap insulation, and large 
voltages : otherwise not. 

94. This opposite conclusion is derived from Appendix 
V., where the sizes of conductors and voltages are different. 
It would appear from this investigation of costs that the best 
method of transmission and the best voltage may, in the 
near future, be fixed on the basis of such estimates as the 
present, and that for some powers and voltages single-phase 
may be cheapest, and for others three-phase— where covered 
cables must be used. {£50 expended on such estimates 
might easily save £5,000 in cables. 

It is to be noted that only round wires, lead-covered, and 
concentric cables have been worked out, as it is arduous 
work to get the radial thickness with irregular-shaped or 
bunched wires. 

95. The Board of Trade Rule requires that the insulation 
thickness shall not be less than one-tenth of an inch for every 
2,000 volts. This on large conductors would be too great a 
thickness according to the log law, because it implies a 
factor of safety of nearly до, whereas 20 has been found to 
do. 

96. On conductors of small radius of curvature, however, 
it would probably not be thickness enough were it not that 
with small depths of insulation most dielectrics are stronger 
than for great thicknesses, consequently at the comparatively 


* Sce Н.А. Earle, Fourn. I.E.E., Manchester Section, Dec. 1900. | 
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low pressures hitherto used no inconvenience has been 
found. 
97. Cases I., П., and ПТ. for Tables I. and II. аге the same 
save that the maximum volts in table I. are 15,000, and in 
table ПІ. are ro,ooo. 


Case r.—The system earjhed at a middle point, no wire 
to be more than 10,000 volts from earth. "The 
direct current 15 then 20,000 volts and 200 amperes. 
The single alternating has 7,100 each side, the 

. double alternating the same, but has its thick wire 
grounded and has smaller currents. . The triple 
current has a middle point earthed, and though 
the difference of potential of its wires and earth 
never goes over 10,000 volts the difference between 
the wires exceeds 10,000 volts. 

Case 2.—One conductor to be earthed. This 15 а con- 
dition that may be compulsorily enforced, and 
practically means concentric mains with little in- 
sulation on outside conductor. In this case the 
direct current has 10,000 volts and 200 amperes, 
the single alternating 7,100 and 200, the double 
alternating 1s as before, but the triple current 
comes down considerably. 

Case 3 is where the difference between no two con- 
ductors exceeds 10,000 volts. In each case the 
leads have a total area of 2 square centimetres, and | 
a density of 200 amperes per square centimetre. 


98. It is to be noted in favour of the B.O.T. rule that air 
is very much stronger than the B.O.T. limit of thickness, 
consequently it becomes possible to introduce an air spark 
gap for lightning arrester of less thickness than the insula- 
tion, this being an imperative condition to obtain protection. 
It is also in accordance with the log law that the points or 
saw teeth of the lightning guards are specially effective in 
puncturing at the selected place. Were the B.O.T. thick- 
ness lowered, the lightning guards would have to be placed 
in oil. 

99. А 47-Mile Trausmission.—On reference to Figs. 16 and 
17 it will be seen that the prices of cables have been worked 
out for all sizes. The size of cable is represented in square 
inches first and then expressed in terms of the kilowatts it 
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will carry, and when voltages vary from 3,000 to 40,000. The 
most expensive cable shown works out at £2,500 per 1,000 
yards, and this is perhaps not a ridiculous figure to look for- 
ward to in 50 years when we see that the Blue Lakes Power 
Company have a transmission 36 miles long in existence 
at the present moment, where the conductor alone, without 
poles or erection, cost £1,300 a mile. Nevertheless the 
interest chiefly lies with smaller sizes than this. 

, 100. In working out this transmission I had begun to take 
into account Prof, Ayrton's modification of Kelvin's law for 
economy in conductors, but this portion of the paper on 
"Tadials" has grown immoderately long. So I will assume 
that from approximate estimates it has been decided to 
waste то per cent. of the power in the line. 

IOI. Suppose now that 10,000 volts has been chosen as a 
suitable voltage for the transmission, we see from Fig. 16, 
that the Cheapest size of cable to use is 37/14, conveying 
5% kilowatts ; that is So amperes at 10,000 volts, and this 
gives а copper diameter of 0°28 inches. 

102. In a similar way it will-be seen that for any voltage 
there is one particular diameter over the copper, or under the 
insulation which is cheapest, and if I want to transmit less 
power than corresponds to the solid copper, I must use a 
tube of соррег, or in certain cases very easy to determine ? 
an aluminium, ог in a conceivable condition of the metal 
market а zinc wire. This is more than even the Aluminium 
Companies have hoped for. 

103. If, however, we want to transmit more power than is 
allowed for by the cheapest conductor at 10,000 volts, had 
we not better increase the voltage as well as the copper, 
and if 50, how much shall each be increased ? The answer 
to this question is given by the bottom curve (Fig. 17) which is 
tangential to all voltages, and we see that it is much better 
not to fix upon the voltage irrespective of the relative prices 
% copper and insulation upon which that curve is based 
74 consideration which is, I believe, somewhat novel. 

uppose, for instance, the power to be transmitted is not 
500, but say 2,000 kilowatts : Fig. 17 shows that the best 


volt | 2 
0 15,000, the best copper section by an easy 
„ J; Kershaw, * Alum: 
a айыны їшї as a Conductor,” I.E.E., January 10, 1901... 
the dr е determined by economy of insulation is only 1:28 times 
Of copper necessary to carry the current. 
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calculation is 0:334 sq. in., and the price per r,ooo yards 
of single cable is approximately £600. 

104. There is one interesting coincidence shown by these 
curves. It is that at 10,000 volts, the cheapest conductor 15 
37/14, namely the size of the B.I.W. Co's. Deptford Cable ; 
the radial depth of insulation 15 4 inch, viz. the B.O.T. 
thickness for that voltage. From the r4,140 volts max. 
I was glad to get corroborative evidence in favour of 
adopting a gradient of 20,000 volts per centimetre for fibre 
cables in these estimates. 

IOS. If now we turn to that part of the curve which 15 
(because of the cost) entirely beyond practical considera- 
tion, say 50,000 kilowatts to be transmitted 47 miles, this 
may be effected either : 


At 40,000 volts the cost per 1,000 yards is £3,650. 
At 20,000 volts the cost per 1,000 yards is £3,500. 
At 25,000 volts the cost per 1,000 yards is 42,600. 
At 30,000 volts the cost per 1,000 yards is £2,500. 


This last price 15 at the rate of rid. рег kilowatt per 1,000 
yards with a ro per cent. loss in the line on a 47-mile 
transmission. If we compare this with what will be admitted 
to be a more practical case, say of a, 37/14 cable at 10,000 
volts with а то per cent. loss in the line on а 12-mile 
transmission for about r,840 kilowatts, we find that the 
price is £310, viz., more than 34 times as great as the above 
per kilowatt per 1,000 yards of cable, namely 39 fence.t 

106. In fact the larger cable is the more economical if 
not the more practical of the two. Its diameter is large, 
of course, being 3'9 inches, which is just about the largest 
size а modern lead press can deal with; nevertheless 50 
years may see some such cables made, for already 25,000 
kilowatts are generated іп more than one existing power- 
house. | 

107. The dotted portion of curves Figs. 16 ана 17. 

It is seen that given any numbers of kilowatts to transmit 
the cheapest voltage at which to work is given by the lower 
curve, which is concave downwards. But if the pressure is 

1 In the Deptford transmission the В.Г. cable cost is, I suppose, about 
52 pence per 1,000 yards and per kilowatt; the loss of volts in the line is not 
10 per cent. in this case, but if it were IO per cent. instead of about 5 per 


cent. the cost would still be 26 pence, or twice and a half as great as in the 
above transmission of 50,000 kilowatts. 
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thus fixed, the subsidiary small cables which work at the 
same pressure are apparently exceedingly expensive, as 
shown by the dotted early part of the curve for cach 
voltage. 

IO8. This is not the case, however, and that is why those 
portions are dotted. 

If we do not choose to pay for so thick a radial depth of 
insulation as will keep the maximum stress below 20,000 volts 
per centimetre, we can work at a less factor of safety and 
take the consequences. These are exemplified by enlarging 
on one of Mr. Swinburne's remarks on Mr. Mordey's paper 
on capacities. 

100. If a small wire at 30,000 volts is hung in air in a dark 
room, a glow is visible all around it up to a certain radial 
distance. This is the distance up to which the air has 
electrically yielded, as if its “ elastic limit" had been passed. 
It has not quite broken down like a steel bar that is “ short," 
but like one that has passed the elastic limit and absorbs 
energy in stretching. The analogy is very superficial, but 
the brush discharge absorbs energy, as is well known. 

то. I would suggest, then, that when the insulation 
on a cable is so thin with respect to the radius of its con- 
ductor that it allows of a fall of potential at a rate greater 
than, say, тоо kilovolts per centimetre,: it does not neces- 
sarily disrupt and char, but while keeping its other physical 
characters yields to the electric pressure up to a point 
within the insulation, and absorbs energy as a brush dis- 
charge does. Unfortunately air is the only insulation which 
has been investigated under these conditions. 

111. If this is so the consequence of using cables having 
a smaller dielectric thickness than corresponds to the curves 
is that energy is lost and capital economy made at the ex- 
pense of the factor of safety against disruption. The way to 
reduce the energy loss to a minimum, and to nearly halve 
the cost of many high-tension cables, is to reduce the voltage 
gradient where it is too steep, by “ grading" capacity con- 
ductivity and dielectric strength. 

112. Curve 19 shows the economy effected by using а 
“ graded" cable, although the price of insulation has been 
taken at double the price for the insulation of curve 17. 


* The disruptive strength of vulcanised rubber found by T. Gray is 
470. 100 is the disruptive strength of most oils. 
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II3. Fig. 20 shows the economy of doubling the strength 
of the insulation and should be compared with Fig. 17. 

114. Fig. 20 also shows the greater economy of É 
ing " the insulation used. 

Fig. 22 shows the unequal stresses to which an ordinary 
37/14 high-tension cable may be put if no attention is paid 
to “grading.” The horizontal line shows what the stress 
would be if the insulation were “ graded" and the same 
voltage applied. 

IIS. І wish, in conclusion, to acknowledge the help I 
have received from my assistants—Mr. C. В. Wigg in 
calculating cable prices, and other matters, Mr. Gregory in 
making diagrams, and Mr. Story for several valuable sug- 
gestions ; as well as to Professor Perry, our President, Mr. 
Swinburne and Mr. Whitehead for help acknowledged 
within the paper. 
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670 O'GORMAN : INSULATION ON CABLES. [March fth, 


APPENDIX П. 


T. Gray (Amer, Assoc., 48. рр. 122-123, 1899), strength in kilovolts 


per cm. 
Vaseline Oil ... | 131 | 120 | I09 | 103 | 105 | 95| 96| 91 | a | zs 
Рага \ | | 
| d 28 НАЕ 70 жа ш | 
| Paraffin, | | lor; 8 8 ( I| 66! 64 | 62 | 60 
Natural W.Vir- ) | 
ginia Crude}! 81| 79| 74, 72| 69, 62| 63| 62 
| Oil29sp. gr. | (dol 
y^ ЖИ Mt UN жән жін Br Е 
‚ Thickness... | Tem. ү po 4cm. Бы [n төлкенің 8сіт. д ст. тост 
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APPENDIX Ш. 


FREQUENCY AND DIAMETERS OF COPPER TABULATED 7 
ВУ MR. MORDEY FROM LORD KELVIN'S FORMULA. | 
f i 
This formula probably deals with solid copper and not strands, t 
Which have sometimes 50 per cent. more surface and 30 per cent. ` 
more area than the equivalent rod. For example, the circumference 
of а 37-strand cable is to the circumference of a circular rod of 
equivalent conductivity as 12°22 : 8:27. l | 
ài How far this affects the impedance, or how the impedance is | 
2. by the slight insulation which unavoidably exists between | 
е strands of certain classes of cable, is a matter which can probably | 
ү: most easily Settled by experiments which have possibly been made, | 
i ough I think not published. The same applies to the effect on 
ne of the bulkiness of alaminium. It would be arduous to | | 
€ this matter from Lord Rayleigh’s formula. ко 
O сео ылыс Шш сеннен не а нт | 
| I — | | | : Fre- | | 
Diam. Copper: бс area ordinary res. Ud lost, W atts lost queues 
per ceut. ito п 2000 volts.| 100 volts. 1 | 
eue eee PORE SENI Acts | 
mm. ° inch | | | , | | 
3 5 | sq. т. ! percent. | | | AV, | ! : 
937 | уву 32 ds — 55 ineo | 5,500 | fo | ; 
5 +s | e | 
5. 55% | 1677 | 224. 2% 1133 | 266,000 13300, | ; 
20' - | ' | 
787 | 31416: 487 8 | 220 | 440,000 | 22,000 , 
25 | | | 
2| 94 | 4908 | 3760 | 17k i,» — „| 
40 | ress | | | 
| | [575 1265-0 1'95 68 | T | | ки Т і 
00 | 3. D 
597 78540 |1217 | 3-8 times | " | de db Xie ж 
, 1000 | 30: - f 
u 3937 | 785400 1217 | 35 times | ; | MEET 
TU eere Lec TOR DN _ leet Sills | О ОКНЕ eee АИИ. 
i 9 "az per cent. p 
| 3543 63-62 098 | те 45 | 90,000 | 4,500 | 100 bo 
‚133 | 5280 | 
Ps | І41:3 “218 | 24 98:5 | 197,000 9,850 | ” | 
0 Қ и, 
Б 7086 25474 394 | 8 178 350,000 | 17,800 | ,, | 
4 "88 Ч | 
MUN 26 394-0 on | 174 2 | " | ee | n | 
—— В. | | 1 
ТВ зов. | ЖҰРТЫ с мса ЛИРО ж | 
n" 3 472 071); Sai 32 | 64000, 3,200 | 133 | | 
қ 4570 | тоб | | | | 
ыз 164 2% 74 |148,000 | 7,400 | , | 
7951 ‘6102 
| 69 189 "292 8 131°4 | 263,000 | 13,140 n 
55 7622. 294 | | | 
к | 456 173 КӨЗЕ buo ҮЙ ee | T | 
М Те 


Е Sci 
VOL. ххх. io rence Abstracfs, Russell's E. L. Cable, 1892, р. 5. 
777 44 


< .-- 
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APPENDIX Il. 


T. Gray (Amer. Assoc., 48. рр. 122-123, 1899), strength іп kilovolts 
рег cm. 


Vaseline Oil ... | 131 | 120 | 109 | 103 | 105 | 95 | 96| 9I  .. 
Paraffin, ) | | 
| o28sp.grj! 9! 81| 76| 71) 73| 70| 69| 70 ..... 
Paraffin, ! - ! | 
| 0-26 sp. gr; 101 891 85| 79, 79| 71 | 66! 64 62 бо | 
. Natural W.Vir-) | | 
ginia Crude}, 81| 79! 74| 72 69: 621 63| G2! .. |... | 
| Oil, 29 sp. gr. | | | | | | | 
E Б Е cs “A 
Thickness ... peus [ne 3 ст. |4 ст. |5 ст. бст. ен 2 9cm. тірке 
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APPENDIX III. 


FREQUENCY AND DIAMETERS OF COPPER TABULATED 
BY MR. MORDEY FROM LORD KELVIN'S FORMULA. 


This formula probably deals with solid copper and not strands, 
which have sometimes So per cent. more surface and 3o per cent. 
more area than the equivalent rod. For example, the circumference 
of a 37-strand cable is to the circumference of a circular rod of 
equivalent conductivity as 12°22 : 827. 
| How far this affects the impedance, or how the impedance is 
diminished by the slight insulation which unavoidably exists between 
the strands of certain classes of cable, is a matter which can probably 
be most easily settled by experiments which have possibly been made, 
though I think not published. The same applies to the effect on 
Impedance of the bulkiness of aluminium. It would be arduous to 
settle this matter from Lord Rayleigh's formula. 


~ 


team eee eee 


| Еге- 
| | Increase охег Current| Watts lost | Watts lost ie 
| Diam. Copper.r ссе area. а at 450 "at Я | “at 2 Бер е. 
| | рег сеш. а 2000 volts.| 100 volts. NJ 
а rr E, EEEE E T - ES ее 
р Я | | | 
OC, inch, | X x | per cent. | | | | АЗ, 
| 19 3937 | 7854 go | гіс | 55 | 111,000 | 5,500 | to | 
m | A2 | | | 
| 15! 5590 | 1677 ‘274 | 24 ‚ 133 | 266,000 13,300 | ,, | 
! | | 
[№ 78; | 314-16 487 | 8 1220 Тл 22,000. ,, | 
ЕТТЕР | | 
| \ | 984 | 4908 | 760 173 em | "dg | 
| | | 
| i r575 12650 | 195 68 | x | | - 
| 100) 4 
3937 785450 (1217 | 3:8times | бі | | ET 
1000 ' 4n е 
|3937 785400 | 12-17 | 35 times | j | | EL 
| 9 | ри ао per cent. а р ы сыы 
| | 3| 63°62} 'o98| ты 45 | 90,000 | 4,500 | 100 
es) o | И 
| | 5280 | I4rt3 | 218 | 23 | в. 197,000 | 9,850 о» | 
| 1 9 ` 0 | \ 
Ж | 7086 | 254-4 394 8 | 178 1356,000 | 17,800 | , 
кел 8826 | 394°0 бїї 174 | Т | .. | | n 
сЕ тин мене е 
3. | | ! | 
г UB! 472 | ол | СЫР | 32 | 64,000; 3200 | 133 
!Iróp. | | 
- | | | 
iss TRO | 106 | 164 2% 74 | 148,000 7,400 » 
1499 % 
| 52 | 189 ‘292 8 131:4 | 263,000 | 13,140 А 


| | 


voL. xxx. ! From Sejence Abstracfs, Russell's E. L. Cable, 1892, p. 5. 
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APPENDIX IV. 


CAPACITY or CABLES BEFORE AND AFTER MAKING А THREE-CORE 
CABLE RUBBER-COVERED. EACH STRAND WAS IMMERSED 
IN WATER. 


A | - 
бо. | А Ins, resis. at 15°С. after 3. a 
~ A “ | = У 
7 2229 | Es = 
в lg leq % xL 
es eee 4 h di БЕ 72 
© “Е 3 9 9 | S = emarks. 
Я Е # | $ | 8$ | # 3 | Ё Каа 
c А ~ ... Dd ... о a 
S 5 |? Е Е Е 25 2 
а | 2 КЕЗЕ | | ЕЁ Тм? Э | 
ІШ го 9 
puces SN — Е 
after 36 hrs. in 
072 | 5850 | 6680. < |32106 3 
[7i98 | I Е | 4672 | 585 Зо, 7735 | 0477 | 0475 5 


Tested for 30 minutes with 20,000 volts between con- 
ductor and earth, and re-tested as below. 


1/7/98 | | I | 35 | 4072 6680 | 7735 af 
HET - | f after: 36 hrs. in 
1/7/98 | 2 ; 35 | 3815 6685. | 7630 | о434 | очор. doo waters 


Tested for 30 minutes with 20,000 volts between con- 
ductor and earth, and re-tested as below. 


1/7/98 |2 35 | 3815 | 5850 | 6685 7630 | 
3 |35 | 4670 | 7752 | 9300 | 9982 


5850 | 


5850 


| 


|| [after 36 hrs. in 
'u water. 

(after 20,000 V. 
( for 4 an hour. 


| 0'427 | 0497 

| 3 |35 | 4670 | 7752 | 9300 | 9982 л 

| 

The three were then stranded together and armoured 
and re-tested as follows : 


17108 | I | 35 | 4380 | 7320 10,800! ... | 0492 0495 | 
2 | 35 | 4380 | 7320 | 10,800) ... 0'492 0494 | 
3 |35 | 4080 | 7320 | 10,100) ... 0'392 | 0497 | 
Tested for 4 an hour at 20,000 volts, and all tests were 
identical 
Cani. E NO. 2, MADE OF “ KABLEIT.” 
217108 | I |35 | 1292 | 1840 | 2450 | 27 0'376 | 0'497 bcn n 


Every test identical after 20,000 volts for 4 an hour. 


35 | 1303 | 1843 | 2220 | 2460 | 0:390 | 0:496 li (after 8 days in 


417108 
water. 


DN test the same after 20,000 volts for 4 an hour. 
4798 | 3 |35 | 1180 | 1685 
Every test the same again after 20,000 volts for 4 an hour. 
The three cables were then stranded and armoured over all. 


} > 
14/7/98 . 1 35 


| | | fafter 8 days in 
2240 | 0350 | 0406 | 1 water, 


| | 1282 | 2120 | 3040 | 0354 | 0497 
2.35 | 1390 | 2330! 3520 ' 0'354 | 0496 
3 35 |1318 2330 | 3040 .. | 0359 , 0486 | 
Tested for $ an hour at 20,000 volts between conductors, 
and re-tested. Everything the same. 


———— icc, s 2“ . ee -. 


1901.) O'GORMAN : INSULATION ON CABLES. 673 


It is interesting to note that the capacity per kilometre of each 
strand of the stranded three-wire cable is not more than 10 per cent. 
above the capacity of that strand separately before assembling the 
rubber-covered cores. 

Where each core is lead-covered as in case 2, the capacity goes 
down a little, possibly due to stretch of the copper in armouring, or 
simply a temperature error. 

The above figures are taken from a paper in the India Rubber World, 
December rst, 1899, by O. Schaefer (Manager of Duisburg Cable 
Works, a/R). Не considers that there is practically no danger to 
cables, when forming part of an overhead transmission, from lightning, 
even when there are only lightning arresters at the switchboards. 


The above tests were made on 300 yards of two cables r, and 2, 
designed for 10,000 volts. 


Еіс. 23. Cable (2). 
Not to scale. 


Fic. 24. Cable (1). 
Not to scale. 


CABLE К ; 
BLE (1). В = Each insulated with vulcanised 


rubber o'2 inch. 
C = Lead-covered and armoured. 
А = 35 sq. mm., copper tinned. 
‚ ~OPpers each, untinned 35 sq. mm., section. 
ie к " Kableit" thickness about o'2 inch, then ozokerited 
b € three wires lead-covered separately. Тһе material is 
© non-hydroscopic. | 
А = Copper 35 sq. mm. 
B = Insulation 02 inch thick. 
C = Lead. 
E = Armoured overall. 
D= Jute worming. 


Claimed to 


le ce ры. 


o жт--- - 


Ld 


- — ыыы 


magum „= э omm ee se аар 


-= 


т "mr = . 
т x т- 


pu sumas 
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APPENDIX IV. 


CAPACITY ОЕ CABLES BEFORE AND AFTER MAKING А THREE-CORE 
CABLE RUBBER-COVERED. | EACH STRAND WAS IMMERSED 
IN WATER, 


| 


| 
| 
| 
| 


| 


Р | Ге 1 
: , | ' | Ins. resis. at 15°С. after | 5 go! 2. | 
% | Е | А ' | EZ | di 5 | 
di | EUN | у 2050400 BE ws Б 
5 2 | z2 B2 £ % У | 7$ Ye Remarks. 
= БЕ 3 5 2 = | Dx e | 
5 5 |? E E E E = 2 с. | 
я | > ж т = a si | Eo | © 
о 9 | 
mov 672 | 58 668 | . jafter 30 hrs. in 
17/98 | 1 | 35 4072 | 5850 017735! 0477 | 9475 | | Aer 


Tested for 30 тй А with 20,000 volts between con- 
ductor and earth, and re-tested as below. 


117198 | 1 5 | 4072 | 5850 | 6680 | 7735 | s T T: 
> j PX, A ЖАЗУ QS after-36 hrs. in 

17/98 |2; 35 | 3815 | 5850 6685, 7630 | 07434 |. 0494.1 (Water. 

Tested for 30 minutes with 20,000 volts between con- à 
, ductor and earth, and re-tested as below. 

17198 | 2 |35 3815 | 5850 | 6685 | 7630 | Я көт 
= . m 

з | 35 | 4670 | 7752 | 9300 | 9982 | 0-427 | оҷоу ||аЙег 30 hrs 
(after 20,000 v. 


3 |35 | 4670 | 7752 | 9300 | 9982 m“ 7 for & an hour. 


The three were then stranded together and armoured 
and гезе as follows : 


14/7/98 | I | 35 | 4380 | 7320 | 10,800 — 0492 | 0`495 
2 | 35 | 4380 | 7320 |10,800| ... 0'492 | 0`494 
3 | 35 | 4080 | 7320 | 10,100] ... 0392 | 040 
Tested for $ an hour at 20,000 volts, and all tests were 
identical. 


= аы = —б= и ao АА ——————— 
- 


CABLE Хо. 2, MADE ОЕ “ KABLEIT." 


2/7198 | 1 | 35 | 1292 | 1840 | 2450 | 2760 | 0376 | 07497 5220 іп 


Every test identical after 20,000 volts for 4 an hour. 
2 | 35 | 1303 | 1843 | 2220 | 2460 | 0390 | 0496 es 
Every test the same after 20,000 volts for à an foui 
417/98 | 3 | 35 2240 | 0359 
l 
Every test the same again after 20,000 volts for $ an hour. 
The three cables were then stranded and armoured over all. 
5 | 1282 | 2120 | 3040 | 


14/7/98 | 1 E | 0354 | 0497 | 
35 | 
| 


8 days іп 
water. 


417198 


1180 | 1085 | 2022 


рса !!айег 8 days іп 
0496 li water, 


2 1390 | 2330! 5520! 0:354 : 0'496 
3 35 | 1318 2530! 3040! .. | 0359 | 0486 


Tested for $ an hour at 20,000 volts between conductors, 
ао: re-tested. Everything the same. 
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It is interesting to note that the capacity per kilometre of each 
strand of the stranded three-wire cable is not more than 10 per cent. 
above the capacity of that strand separately before assembling the 
rubber-covered cores, 

Where each core is lead-covered as in case 2, the capacity goes 
down a little, possibly due to stretch of the copper in armouring, or 
simply a temperature error. 

The above figures аге taken from а paper in the India Rubber World, 
December Ist, 1899, by O. Schaefer (Manager of Duisburg Cable 
Works, а / В). He considers that there is practically no danger to 
cables, when forming part of an overhead transmission, from lightning, 
еуеп when there are only lightning arresters at the switchboards, 


The above tests were made on 300 yards of two cables 1, and 2, 
designed for 10,000 volts. 


FIG. 23. Cable (2). 
Not to scale. 


Fic. 24. Cable (1). 
Not to scale. 


CABLE (1), : | 
В = Each insulated with vulcanised 


rubber o'2 inch. 
C — Lead-covered and armoured. 
CABLE (2). С А = 35 sq. mm., copper tinned. 

Insulated a each, untinned 35 sq. min., section. | 
and cach of th het thickness about 02 inch, then ozokerited 
Claimed to be ree wires lead-covered separately. The material is 

non-hydroscopic. | 
А = Copper 35 sq. mm. 
= Insulation o2 inch thick. 
С = Lead. 
Е = Armoured overall. 
= Jute worming. 


--- ey 


Ғы ee E 
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APPENDIX IV. 


CAPACITY UF CABLES BEFORE AND AFTER MAKING А THREE-CORE 
CABLE RUBBER-COVERED. EACH STRAND WAS IMMERSED 
IN WATER. 


: | 5 
‚ he | “ | Ins. resis. at 15°С. after Š jo! ё | 
$ СЕ es E 
B X8 sal | НЕСЕ 
i m ha £ $ 5 ЕЕ АЕ 
© A ЧЕ Ф 5 2 2 2 кё Remarks. 
bu © ISE £ = с = | = si ы = 
ca ie: Ф Ei Мы а | 
s o Э E Е Е Е &2 Ё. | 
2 ^ E | са ч се, - с.е = 
| 9 9 | 
Ө леа ын м сама T 41 жола. атуда Ral seal eee cx - 
2 | .. 'iafter 56 hrs. in 
us | ; | 35 | ло E 6680 . 7735 | 0477 о SMS | water. 
| 


Tested for 30 жүн with 20,000 volts between con- 
ductor and earth, and re-tested as below. 


| Е Аы rs. 
1708 2,35 6683. | 2630 0434 |. 9494.1 1^ water. 


Tested for 30 minutes with 20,000 volts between con- 
ductor and earth, and re-tested as below. 


! 


s [4672 | 5850 


3815 | 5850 


17198 | 2 | 35 | 3815 | 5850 | 6685 | 7630 | а ФРЕЕ 
| ” | rs. 
| 3 | 351 4670 | 7752 9300 | 9982 | 0427 | 0407 е 
(after 20,000 V. 


i | 
|3 35 | 4670 | 7752 iud ор 426 Че 1 for 4 an hour. 


The three were then stranded together and armoured 
and re-tested as follows : 


! | 
14/7/98 1 | 35 4380 | 7320 10,800 ids 0'492 | 0'493 
| 2 | 35 | 4380 7320 Mou i 0492 | 0'404 
| 3 | 35 | 4080 | 7320 101009 Ө | 0'392 | 0407 
Tested for 3 an hour at 20,000 volts, and all tests were 
identical. 
CABLE No. 2, MADE OF “ KABLEIT.” 
27/98 | 1 |35 1292 | 1840 | 2450 | 2760 | 0376 | оҷоу || alter 8 days п 


Every test identical after 20,000 volts for 4 an hour. 


4/7/98 35 | 1303 | 1843 | 2220 | 2460 | 0390 | 0496 е in 
Every test the same after 20,000 volts for 4 an hour. 
! . 
98 5 | 1180 | 1085 22 | 22 T ; | (after 8 days in 
479 2 em dii | ы Ба | enr | 9498 ( water, 


Every test the same again after 20,000 volts for d an hour. 
The шиев us were then stranded and armoured over all. 


14/7/98 1 | ET | 1282 | 2120 | 3040 | dite | 0354 | 0407 | 
| 2 | 35 | 1390 | 2330 5520... | 0354 | 0496 | 
3 3511318 233013040  .. , 0359, 0456 
Tested for $ an hour at 20,000 volts between conductors, 
angi re- tested. Ev erything the same. 


я ^ : ME EE EI . .. 


or tr ги Ba ж 
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It is interesting to note that the capacity per kilometre of each 
Strand of the stranded three-wire cable is not more than 10 per cent. 
above the capacity of that strand separately before assembling the 
rubber-covered cores. 

Where each core is lead-covered as in case 2, the capacity goes 
down a little, possibly due to stretch of the copper in armouring, or 
simply a temperature error. 

The above figures are taken froma paper in the India Rubber World, 
December rst, 1899, by O. Schaefer (Manager of Duisburg Cable 
Works, a/R). Не considers that there is practically no danger to 
cables, when forming part of an overhead transmission, from lightning, 
even when there are only lightning arresters at the switchboards. 


The above tests were made on 300 yards of two cables 1, and 2, 
designed for 10,000 volts. 


FIG. 23. Cable (2). 
Not to scale. 


FIG, 24. Cable (1). 
Not to scale. 


CABLE 
E (1). В = Each insulated with vulcanised 
rubber o2 inch. 
C = Lead-covered and armoured. 
CABLE (о). А = 35 sq. mm., copper tinned. 


Insulated with PPers each, untinned 35 sq. mm., section. | 
and cach of the Mes thickness about 0'2 inch, then ozokerited 
claimed to h ree wires lead-covered separately. The material is 
e non-hydroscopic. , 
Аш Copper 35 sq. mm. 
B = Insulation 0'2 inch thick. 
р С = Lead. 
== Armoured overall. 
D= Jute wọrming. 
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| APPENDIX V. 


In the appended tables, the various systems are compared on the 


common basis, that the voltage between no two conductors exceeds 
14,140 maximum. The strain therefore on the insulation of the gene- 
rators or transformers is the same in all cases. 

The systems are as follows :— 


А. 


Е. 


Direct current with опе concentric cable, the outer being earthed. 
Working pressure between conductors, 14,140 volts. (It might 
be cheaper to use two single cables and earth a middle point as 
in Mr. Swinburne's case т; but this has not been worked out, 
and is not very usual in practice, except on the threc-wire 
svstem, which is not considered. ; 

Single-phase alternating current. Working pressure, 10,000 volts, 
otherwise same as А. 

Biphase with two concentric cables ; neither outer is carthed, but а 
middle point in the machine, as shown at ] in S. P. Thompson's 
book on “ Polyphase Electric Currents,” at figures 50 and бт, is 
carthed working pressure 10,000 volts on each phase. 

Biphase with two concentric cables, the outers of both being 
earthed, these outers being the common return. Working pres- 
sure, 7,070 volts on each phase. 

Triphase with three single conductors, none of them earthed, but 
the common junction of the star winding is supposed to be 
earthed. Working pressure, 10,000 volts on cach phase. 

Triphase with two concentrics, the outers being earthed, the two 
outers together forming the third conductor which is equally 
divided between the two concentrics. Working pressure, 10,000 
volts on each phase. 
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APPENDIX VI. 


LET the electrodes be sufficiently large plates so that the electric field 
between them тау be considered uniform. . 
Let E = potential difference between the plates when the diclectric 
between them ruptures. 
1 = distances between the plates at this moment. 
S = dielectric strength. 
If Maxwell's assumption be correct, we ought to have— 
E 


S=-; 


l 


that is, considering S a constant of the substance, the curve connecting 


E and / ought to be a straight line through the origin. We see that 
air, empire cloth, and Fuller board give fairly good straight lines for 
the E and / curves. Mica is a fairly straight line, but none of them pass 
through the origin. 

The curve being a straight line not passing through the origin 
indicates that the relation between E and / is of the form of— 

E=a+ jl, 
where а and @ are constants, different of course for different dielectrics. 
If instead of plotting E and / we plot ЕЛ and l and put Е// = Е, Е is 
called the electric intensity, and we have— 

Е /=а + ВІ. 

That is, the curve connecting Е апа / should be a rectangular 
hvperbola. Mica and empire cloth are very fair approximations (also 
air. Now all the curves show that a is small, therefore writing the 
equation between F and / in the form— 


F=} +8, 
we see that when / is large compared with a we get F = В = constant ; 


that is, the dielectric strength may be measured Бу the electric intensity 
as before assumed, and we confirm the formula— 


E = Srlog£. 


From the curves we may conjecture that after a thickness of, } т. 
or somewhat less perhaps, the dielectric strength curve would be 
sensibly parallel to the axis of thickness, and may be dealt with as a 
constant, and I have considered it so throughout. ] am indebted to 
Mr. Whitehead for this simple way of considering the case, and for 
much assistance in other matters where it seemed advisab'e to consult 
Maxwell. : 

The fact that the disruptive stress is measured by the voltage 
gradient is most important. I do not know of any experimental basis 
for supposing that the disruptive stress should be measured by the 
energy per unit volume in the insulator. If this were so, the capacity 
per unit length of cable being— 

k 


2 log АЗ 
"т 


— ж- — = 
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the resultant electric force— 


Lum) E 
T Og p: 
and the stress S being measured by the energy is measured by— 
K К? 
S=---" = 
4 log R 
“г 


which is notably different from the formula in the text No. 12. 
Whereas, on the contrary, Lord Kelvin's opinion (Paper on ‘ Elec- 
trostatics and Magnetism,” Macmillan, London, 1872, p. 258), quoted by 
J. Trowbridge in Phil. Mag. (45, р. 98, 1898), is there experimentally 
confirmed, for air at constant temperature and volume, and he con- 
cludes, “ when lengths of spark are plotted as abscissa, and the corre- 
sponding electromotive forces as ordinates, the curve is а straight line.” 


APPENDIX VII. 


Extract translation. С. Mie. “ Poynting's Theorem,” Zeilschr. Phys. 
Chem. 34, pp. 522-528, Sept. 7, 1900. 


“Take the case of two parallel equal very long wires. Call the thick- 
ness of the wire 2a; the distance of the axes of the wires 2a, the two 
wires are stuck in an infinite insulating medium and the ends of the 
system in one direction are at potential zero, so that at symmetrical points 
on the two wires the potentials of the wires are equal and opposite. Call 
the resistance of a wire per unit length w, the current strength J. The 
middle line between the two wires is taken for axis of 2, the line joining 
the two opposite points of the axes of the wires is the axis of y, the line 
at right angles to it the axis of x. г, is the 2 co-ordinate of the end of 


the conductor where also both wires are at zero potential. Also for 
shortness let :— 


р 


b= Ja? — а and С = —-_—_—.. - 
log (2 + 3 
a—b 


Where р = м], the fall of potential along the length of the wire, then 
the electric potential V in the neighbourhood of a point (х, у, z) is:— - 


2 , 5 2 i 
У-еС(г,-2 log EIE 


? Maxwell, Vol. 1, Art. 55 and 68. 

“Art. 68. Definition. The resultant electric intensity at any point is the 
force which would exist on a small body charged with the unit of positive 
electricity if it were placed there without disturbing the actual distribution of 
electricitv. . . . Hence the quantity R is also called the electromotive intensity 
at the point (x 2).” (R stands for resultant electric intensity.) 

" Art. 55. If the electromotive intensity at any point of a dielectric is 
gradually increased, a limit is at length reached at which there is a sudden 
electrical discharge through the dielectric. . . . The electromotive intensity 
when this takes place is a measure of what we may call the electric strength 
of the dielectric." 
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To utilise this formula of Mie's, let 
V' = potential of the surface of one wire. 


Mem 7 к „ Of the other wire. 
2V' = difference of potential, = the maximum working 
voltage. 
Vi 
Mec y 
log а+ь 4 | | 
a—b 


When $ (ту) = log EPO by 
х + (у— 6)’ 
but we are concerned only with the maximum slope of the voltage 
which evidently occurs along the shortest distance between the two 
conductors, namely, along the line x = o 


QVI | y: NR T қ 
Үш bod p $ (0, у); put n to M asitis known. 


а--% a—b 
then V = у + Бү 
М іор C — 3) 
V=2M y+b . y +6 =H 
2 Бе: рчї 357 
(У+ С) zH(y- C) 
y= (H + 1} 
| (Н— 1 | 
Again, to find the co-ordinate of the centres of the circles of equi- 
potential : 
V=C (г. — г) log v (у! + by 


д + (у — 6) 
ш y log = 
P С (z, — 2) : 
ИЕ fats (y—oyt 
ЕТ 
рш ay 


(at + y! + bY) (t 1) = 2 by (E+ 1) 
(у —2bny=— b 
(+ ( y— bn)? mi? (n? — 1) 
+ Co-ordinates of centre are x =0 y= bg 
radius = b Vn — т. 
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Mr. Е. JACOB (communicated).—The method proposed by Professor 
Perry (vide paragraph 59 of the paper) is, of course, the ordinary method 
of determining experimentally equipotential surfaces, and as adapted to 
the actual point in question will be found described by me in 1896, 
in Electrical Review, vol. 38, p. 497—and had been used for such 
purposes for many years by me at Messrs. Siemens Bros.’ Works. 

Mr. SWINBURNE: In some ways I am sorry this paper was not read 
at length. We should all, probably, have learned a great deal more, 
because it is a very difficult and heavy paper to digest, and we should 
have had an opportunity of having the discussion postponed till another 
evening, and should probably, therefore, have gained more information. 

Mr. O'Gorman has generously acknowledged a paper of mince at 
the Institution of Civil Engineers' Conference. Не points out that that 
paper received very little attention. If this was so, I am afraid it was 
my own fault. The Civil Engineers’ Conference was supposed to be for 
discussion, and I was asked to write a short paper upon which to hang 
a twenty minutes’ discussion. I wrote the paper accordingly, but I am 
afraid it was impossible to carry on the discussion beyond twenty 
seconds, because the paper was absolutely unintelligible when it was 
read. It was very short, really dealing with such questions as that of 
grading. There were many figures showing sections of cables, but 
they were misinterpreted. I was not present at the reading of the 
paper, but I heard afterwards that there had becn a very curious dis- 
cussion, and that no one knew in the least what the paper was about. 
I then thought I would like to enlarge it into a paper myself, chiefly 
because that is the best way one can adopt of learning a subject— 
that is to say, the next best method to listening to a paper like Mr. 
O'Gorman's. Unfortunately I did not do it. I am very glad that Mr. 
O'Gormon has made some use of my paper, and, though he gives те 
a great deal of credit, I hardly think it is deserved ; because he has 
developed the whole thing in a way that certainly was quite unthought- 
of by me. He has taken what little good there was in my paper to 
form part of his, and he has left out of it a great number of mistakes, 
for which I am very grateful. 

I am only going to deal with one part of Mr. O'Gorman's paper, and 
that isthe question of grading, as he has called it. I cannot help thinking 
that you may get into difficulties in some of these matters. For instance, 
take the case of a direct-current cable. Тһе difficulty, of course, with 
the insulation, supposing it is uniform in resistance, is that the fall of 
potential is quickest in electrical conductors where the potential is 
greatest, that is near a point or a surface. The way to get over that 
difficulty is to cook the fall of potential by altering the specific resistance. 
When you are dealing with a direct current you are dealing practically 
with a conductor, and the author is going to cook this specific resistance 
till he gets a uniform fall of potential instead of a quick fall. But in his 
calculations I think he assumes that you can take a material of a certain 
dielectric strength, that is to say, you can take a material which you 
know will stand 20,000 volts per centimetre when it is flat, and he is 
going to alter the resistance of that by reducing it, but I doubt whether 
he will be able to do it with safety to the dielectric strength. Iam afraid 
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that all these simple calculations, when they are reduced to actual ы, turo 
practice, will ро; that is to say, the really best cable will be a matter of 
compromise and experiment from layer to layer, and not a thing that 
can be calculated out carefully. Exactly the same thing will probably 
hold as regards the specific inductive capacity. In a direct-current 
cable Mr. O'Gorman proposes to cook his resistance ; in an alternating 
cable he is going to cook his specific inductive capacity ; but I think it 
will be exceedingly difficult to cook either of those properties without 
altering the insulation in other ways. What we have to do is practically 
to get the best insulation we can for the price, and I do not know really 
how we are to get over the difficulty. I think the grading that Mr. 
O'Gorman points out, the cooking of the material, will help us a great 
deal, but I do поі think it will go quite as far as that. We shall have 
to do a good deal more by altering the dimensions of the cable by 
using large cores and so оп. А cable is very much the same problem 
asagun. If we can only manage to do something corresponding to 
wire guns in cables it would be very nice, but I think we shall have to 
leave that, as if is so difficult. © We want to get a thing that is polarised 
the wrong way all round the outside. The statement by Мг; O'Gorman 
that, under certain circumstances, say in an alternating current, the 
inner part can be broken down until you get to a place where the 
gradient is small enough to stand, is, I think, very dangerous, because I 
do not think the cable would stand that way. You might as well expect 
an old-fashioned gun to stand. With regard to the potential gradient, 
it is not a question of circulation at all. While I am pointing this out, 
I want to urge that a cable, if you treat it as having uniform insulation, 
or insulation that you can cook as to the capacity or resistance, is very 
tempting as regards mathematics. You can make it fit mathematics in 
the most useful way. Now that Mr. O'Gorman has started the scientific 
study of cables, I do hope that it won't fall into the hands of the 
mathematiculist and get into the state that our alternating current has 
—a whole lot of paper work that has really little to do with facts. Тһе 
underlying assumptions of Mr. O'Gorman in this paper are perfectly 
valid, and, as long as we изе them knowing their limitations, they can 
be of enormous value. Asregards Professor Perry's method of plotting, 
as Mr. Jacob says,it 15 а very ordinary way, but so many of these ordinary 
ways are not known to us who are ordinary people. I think, therefore, 
we ought to realise that credit is duc just as much to Professor Perry as 
if it had never been done before. "There is always a tendency when 
à good thing is done by somebody before, rather to laugh at the latest 
person who has invented it ; but it is just as difficult to re-invent a thing 
astoinventit. With regard to unbleached manilla, which Mr. O'Gorman 
advocates so strongly, in my old days, when I was working at condensers, 
I independently found that unbleached manilla was about as good as 
anything could be ; but there was another material which also was very 
good, in fact in some ways rather better, viz., a paper called bulfer-skin. 
What butter-skin is I do not know ; I think it is sold for packing butter 
in, and it is, therefore, not а water-proof, but ап oil-proof paper. As 
far as I could see, it is a thin paper very heavily sized. І simply 
found that butter-skin would do, and as it did and was very cheap, I did 
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not trouble about how it was made ; but if it is a very heavily sized 
paper it is very curious that it should be useful, because it is the exact 
opposite to what Mr. O'Gorman told us we ought to use. The two 
things I used were unbleached manilla апа butter-skin. I think Mr. 
O'Gorman hits the nail on the head as regards the action of heat when 
he points out that you ought to use unbleached’ paper. Anything that 
has been bleached has been to a certain extent ruined; nearly all 
bleached things аге partially decomposed, and they very often have 
oxidising matters left in them which gradually act on them if they. аге 
heated. 

I would ask Mr. O'Gorman, if I may do so, perhaps with a little 
prophetic forecast, not to judge of the value of his paper by the 
amount of discussion, because it is a very difficult paper to discuss. 
None of us really know anything about cables, except Mr. O'Gorman. 
In that remark I include the cable-makers. I ао not know what the 
cable-makers will say in this discussion. I do not think they will say 
anything at all, and I think they will probably pretend they do so 
because they have so many secrets which they do not like to make 
public. Whenever industries have secrets, you generally find that the 
people are working in exactly the same way and doing the same old 
things, and are ashamed to let anybody else see what they are doing. 
I think, therefore, we ought to remember that discussion is no criterion 
as to the value of a paper. The paper that is most discussed is tlie 
paper that happens to have something that is in all our minds, and nota 
new paper on a new subject which very few of us have thought about, 
and which may be, therefore, the most important of all. This is, I 
believe, the first really scientific paper that has ever been written on 
the subject of cables. When we remember that cables occupy about 
half the capital of electrical undertakings, we must realise that this 
paper is as important as if we were discussing all at once boilers, 
engines, dynamos, transformers, meters, voltmeters, and everything 
else that we have been discussing in this Institution since we began. 

Mr. CHARLES BRIGHT: I am glad to find that even Mr. Swinburne 
speaks of the paper before us asa “tough” one! For my own part, 
I can only say that, though I have travelled in its company more than 
once by train, I have so far only succeeded in making its pages 
extremely dirty—sleep overtaking me on each occasion. It must cer- 
tainly be admitted by every one that Mr. Mervyn O'Gorman has 
shown himself to be a great master of his subject ; and one feels that, 
if only on account of its length, that this paper might well have been 
presented as an entire book between covers. At any rate, it will occur 
to many of us that Mr. O'Gorman would be singularly suited for produc- 
ing the very companion to Unwin's * Strength of Materials" that he 
expresses a desire to see. This is a paper which, in my opinion, 
requires very careful study, and I should be extremely sorry to ещег 
upon a close criticism of its contents without indulging in such before- 
hand. My remarks can, therefore, only be of a somewhat general 
character. On another occasion, however—after more closely study- 
ing the paper, and after I have had an opportunity of referring to 
various data of my own on the subject—I shall hope to deal with it in 


greater detail. 
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I am rather inclined to agree with Mr. Swinburne on the whole, in 
the opinion he expressed that, as a rule, when manufacturers were 
“mysterious” in their replies, it might be taken as a sign that there 
was really no “trade secret” to be divulged. In the early days of 
cable manufacture there can be no doubt that some of the pioncers 
in this line had a secret or two up their sleeve, and were mysterious 
with some reason, to avoid competition. Nowadays, however, though 
no doubt some manufacturers have special processes of their own 
which, instead of being patented, are, perhaps wisely, confined to {һе 
knowledge of the smallest number possible ; still, as a rule, where 
mystery prevails, it may be safely taken that this is cither a sign of 
“tule of thumb,” or very old, methods being the order of the day, or 
else it forms part of an attempt to induce the inquirer to belicve that 


Mr. Bright. 


special processes are in use such as no other manufacturer has the. 


advantage of, 


Though, as I said before, I have not studied the paper sufficiently 
to review it at all closely, I noticed one remark in the course of what 
Mr. O'Gorman has read, or said, to-night, that I will lightly touch on. 
I think the author implied a doubt as to whether indiarubber did not 
absorb water, and seemed to suggest that this was a matter which was 
not yet known about. Without wishing to be abused for pointing to 
ancient history, I would remark in reply that this matter was settled 
for us in the early sixties—i.e., somewhere about 1861—by the late 
Sir William Siemens, who showed distinctly from a number of tests 
Published in а Royal Society paper, that all known mixtures of india- 
rubber, vulcanised or unvulcanised, absorb water, but only when under 
а very definite pressure, such as would not be present in the case of 
underground cables. 
| With regard to the question as to what is the best resistance for 
indiarubber or other insulating material, I would remark that the 
signification of a good insulating material—and by that I mean a 
durable material mechanically, a certain and sufficient degree of 
Insulation resistance being assumed—is, I venture to think, purely a 
matter of experience. That is to say, it has been found that, if india- 
[ ubber has an abnormally high insulation, we know by experience that 
I5 substance is not a durable one mechanically and that its electrical 
resistance will gradually fall to a low ebb. Оп the other hand, we also 
know by experience that it is not natural for a rubber mixture of good 
quality to have an abnormally low resistance value : in fact, by experi- 
ence we know within what limits the specific resistance of rubber 
should range (if it is made of a suitable material) and we also know 
what the value should be for other materials by experience, if suitably 

composed and properly manufactured. Whilst on this subject I would 
say that I consider that any advantage which may accrue to materials 
of а scaling-up character are more than counterbalanced by their 
unreliability and non-durability, as well as by the fact that it is almost 
impossible to localise faults in them satisfactorily. And here I would 
like to remark that the advantage of a high resistance for purposes of 
fault testing should be regarded as one of degree only. Certainly 


abnormally high resistances are not warranted solely on this account, 
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not trouble about how it was made ; but if it is a very heavily sized 
paper it is very curious that it should be useful, because it is the exact 
opposite to what Mr. O'Gorman told us we ought to use. The two 
things I used were unbleached manilla and butter-skin. I think Mr. 
O'Gorman hits the nail on the head as regards the action of heat when 
he points out that you ought to use unbleached’ paper. Anything that 
has been bleached has been to a certain extent ruined; nearly all 
bleached things аге partially decomposed, and they very often have 
oxidising matters left in them which gradually act on them if they. are 
heated. 

I would ask Mr. O'Gorman, if I may do so, perhaps with a little 
prophetic forecast, not to judge of the value of his paper by the 
amount of discussion, because it is a very difficult paper to discuss. 
None of us really know anything about cables, except Mr. O'Gorman. 
In that remark I include the cable-makers. І do not know what the 
cable-makers will say in this discussion. I do not think they will say 
anything at all, and I think they will probably pretend they do so 
because they have so тапу secrets which they do not like to make 
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I think, therefore, we ought to remember that discussion is no criterion 
as to the value of a paper. The paper that is most discussed is the 
paper that happens to have something that is in all our minds, and nota 
new paper on a new subject which very few of us have thought about, 
and which may Бе, therefore, the most important of all. This is, I 
believe, the first really scientific paper that has ever been written on 
the subject of cables. When we remember that cables occupy about 
half the capital of electrical undertakings, we must realise that this 
paper is as important as if we were discussing all at once boilers, 
engines, dynamos, transformers, meters, voltmeters, and everything 
else that we have been discussing in this Institution since we began. 

Mr. CHARLES BRiGHT : I am glad to find that even Mr. Swinburne 
speaks of the paper before us as a “tough” one! For my own part, 
I can only say that, though I have travelled in its company more than 
once by train, I have so far only succeeded in making its pages 
extremely dirty—sleep overtaking me on each occasion. It must cer- 
tainly be admitted by every опе that Mr. Mervyn O'Gorman has 
shown himself to be a great master of his subject ; and one feels that, 
if only on account of its length, that this paper might well have been 
presented as an entire book between covers. At any rate, it will occur 
to many of us that Mr. O'Gorman would be singularly suited for produc- 
ing the very companion to Unwin's * Strength of Materials" that he 
expresses a desire to see. This is a paper which, in my opinion, 
requires very careful study, and I should be extremely sorry to enter 
upon a close criticism of its contents without indulging in such before- 
hand. My remarks can, therefore, only be of a somewhat general 
character. On another occasion, however—after more closely study- 
ing the paper, and after I have had an opportunity of referring to 
various data of my own on the subject—I shall hope to deal with it in 
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I am rather inclined to agree with Mr. Swinburne on the whole, in 
the opinion he expressed that, as a rule, when manufacturers were 
" mysterious " in their replies, it might be taken as a sign that there 
was really no “trade secret" to be divulged. In the early days of 
cable manufacture there can be no doubt that some of the pioneers 
in this line had a secret or two up their sleeve, and were mysterious 
with some reason, to avoid competition. Nowadays, however, though 
no doubt some manufacturers have special processes of their own 
which, instead of being patented, are, perhaps wisely, confined to the 
knowledge of the smallest number possible; still, as a rule, where 
mystery prevails, it may be safely taken that this is either a sign of 
" rule of thumb," or very old, methods being the order of the day, or 
else it forms part of an attempt to induce the inquirer to believe that 


special processes are in use such as no other manufacturer has the. 


advantage of. 
Though, as I said before, I have not studied the paper sufficiently 


to review it at all closely, I noticed one remark in the course of what 
Mr. O'Gorman has read, or said, to-night, that I will lightly touch on. 
I think the author implied a doubt as to whether indiarubber did not 
absorb water, and seemed to suggest that this was a matter which was 
not yet known about. Without wishing to be abused for pointing to 
ancient history, I would remark in reply that this matter was settled 
for us in the early sixties—i.e., somewhere about 1861—by the late 
Sir Willam Siemens, who showed distinctly from a number of tests 
published in а Royal Society paper, that all known mixtures of india- 
rubber, vulcanised or unvulcanised, absorb water, but only when under 
а very definite pressure, such as would not be present in the case of 
underground cables. 

With regard to the question as to what is the best resistance for 
indiarubber or other insulating material, I would remark that the 
signification of a good insulating material—and by that I mean a 
durable material mechanically, a certain and sufficient degree of 
insulation resistance being assumed—is, I venture to think, purely а 
matter of experience. That is to say, it has been found that, if india- 
rubber has an abnormally high insulation, we know by experience that 
its substance is not a durable one mechanically and that its electrical 
resistance will gradually fall to a low ebb. Оп the other hand, we also 
know by experience that itis not natural for a rubber mixture of good 
quality to have an abnormally low resistance value : in fact, by experi- 
ence we know within what limits the specific resistance of rubber 
should range (if it is made of a suitable material), and we also know 
what the value should be for other materials by experience, if suitably 
composed and properly manufactured. Whilst on this subject I would 
say that I consider that any advantage which may accrue to materials 
of a sealing-up character are more than counterbalanced by their 
unreliability and non-durability, as well as by the fact that it is almost 
impossible to localise faults in them satisfactorily. And here I would 
like to remark that the advantage of a high resistance for purposes of 
fault testing should be regarded as one of degree only. Certainly 
abnormally high resistances are not warranted solely on this account, 
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for it must indeed be a low insulation which will not show the position 
of a fault to anything approaching a skilled electrician. In this con- 
nection I should like to confirm the author's opinion that the only 
absolutely satisfactory way of testing a dielectric is on a length of 
actual cable. As regards what may be termed cheap imitations of 
vulcanised rubber, any of the numerous * ites" introduced are, as a 
rule, merely imitations of rubber mixtures ; if not, they usually prove 
to be failing in durability. Notwithstanding the wide scope of this 
paper's title, I have not discovered that gutta-percha has been dealt 
with. This gum still stands its own for submarine work ; and here the 
“ grading" which Mr. O'Gorman speaks of is, I think, already provided 
for to some extent. 

It took some time for those concerned in electrical undertakings to 
depart—even tentatively—from the ordinary, but expensive, methods 
of insulation, the good results of which were a more or less certain 
quantity. This was but natural when we come to remember that the 
object of those who put their money in engineering enterprises is to 
make more money rather than to pursuc scientific research, though 
inadvertently they often also effect the latter object. New methods 
and materials are frequently tried, but as a rule the experiment is less 
risky where the newly tried one is of a low initial cost compared with 
cables. One may almost go further, I suppose, and say that probably 
we should never have seen the newer and cheaper methods of insulation 
now so largely in vogue for electrical underground mains but for the 
difficulty of raising capital for undertakings where so much had of 
necessity to be sunk initially in the mains themselves, this amount being 
almost prohibitive with some systems and in some instances, in the case 
of rubber. 

But even then the advocates for cheaper insulation had great difficulty 
in persuading financiers and business men to adopt their ideas, for those 
who had been associated with insulated telegraph wires for many 
years all looked askance at these newly proposed methods. They had, 
indeed, themselves tried them experimentally with dire results. Thus 
it redounds very much to the credit of the initiators of prepared paper 
insulation for Light and Power Mains that they not only induced 
business men to adopt paper-insulated cables on a large scale, but 
ultimately overcame the difficulties which were at first so formidable 
in the way of moisture creeping in at the joints, &c. And here we 
naturally call to mind Mr. Ferranti's plodding pioneer work at Deptford. 
The same remarks apply—though perhaps in a less degree—to the bare 
copper mains introduced by Mr. Crompton and others with such good 
results. But for these cheaper methods of insulation for mains, there 
is no doubt that we should not have the satisfaction of seeing the 
already large mileage of electric light circuits all over the world we 
now do, for the necessary capital would never otherwise have been 
forthcoming. І have ventured to bring forward this point, as it 
occurred to me as one suitable for comment in connection with the 
discussion, and because I thought it would come better from any one 
like myself—more associated with what might be termed the older 
methods of insulation—than from many of those present. Finally, I 
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should like to join in heartily congratulating Mr. Mervyn O'Gorman on 
his very excellent paper. 

Мг. С. L. ADDENBROOKE : I had a good deal to do with cables some 
twelve or thirteen years ago, and was constantly down at Silvertown 
and Hanley. It was an exceedingly difficult question to probe into; 
апа I am afraid the superintendents there did not like me at all. I was 
always asking questions and wanting information, and there was always 
something that one could never get at. And that has been my feeling 
very largely ever since. When you begin to calculate in the case of 
electrical power transmission, it is wonderful what can be donc if you 
have only copper to deal with. Of course, over a great part of the 
world they have very little except copper to consider, because the use 
of overhead wires is allowed. You spend, say, £100 a mile in putting 
up the standards, and with a bare copper wire it is extraordinary what 
you can do in the way of transmission, the distance you can go, and the 
cheapness with which you can generate at a central station or at 
generating stations at several points. Of course, we in this country 
are so far in a different position. 

There comes in this question of insulation, and there is nothing 
but this question between us and objects of the greatest economic 
and industrial importance. It has always been a wonder to me that 
more attention has not been paid to the subject. Although a great 
deal of work has been done by cable companies, I cannot help think- 
ing that, with our modern knowledge and experience, the subject 
ought to be taken up in just such a way as Mr. O'Gorman has treated 
it 115 true that Mr. O'Gorman does not, in his paper, give us actual 
practical results, yet he has opened up the whole subject in a scientific 
and proper manner. Whether his conclusions are right or wrong, 
scems to me to matter little at this stage. When you are in such a 
position that you do not know what to do, it is best to put down on 
paper all the facts and all the reasons you can give, whether vou are 
right or wrong. Once get them on paper, you see clearly the problem, 
and you can begin to make progress. І fcel unequal to discussing 
the paper technically to-night, owing to my not having had time to 
give it proper consideration in detail. I may send a few remarks in 
writing later on; but I do think we owe very great thanks to Mr. 
O'Gorman for his paper, and I hope something will be done to get 
good results from it. Cable-makers are now wealthy, and can well 
afford a little money for experiments, and І am sure we cannot possibly 
have the best form of cable without much further experiment. Really 
Scientific and carefully conducted experiments, persisted in for a long 
enough time, are bound to result in great improvements, which would 
be of enormous industrial benefit. 

Mr. J. E. KINGSBURY : Any unwillingness that there may be on my 
part to speak arises from my inability to give any points of practical 
value on the scientific part of Mr. O'Gorman's paper. I should like to 
Join with other speakers in congratulating Mr. O'Gorman and the 
Institution on the presentation of the paper. I do not quite agree with 
Mr. Addenbrooke that it does not matter whether the figures arc right 
or wrong. I wish I could say either that they are wrong or that they 
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are right ; but I am not prepared to say so, and that largely arises from 
the fact that so much matter is dealt with in this paper that it must be 
difficult to digest it all. Mr. O'Gorman has given us a very full meal. 
Its value from the nutritive point of view cannot be considered till it 
has been digested, and I think there has not been sufficient time yet for 
the operation. It is, however, suggestive, and I do not doubt that 
electricians and cable-makers will be unanimous in getting any good 
there may be out of it. Although I am unable to discuss that point, 
there are some opening paragraphs in Mr. O'Gorman's paper which I 
think call for some remark. To some extent I think Mr. O'Gorman 
makes observations in regard to cable manufacturers and purchasers 
which are not merited. It is not a fact that the purchaser does not 
care what he buys. I do not think it is a fact that cable manufac- 
turers are unregardless of the material that they put into their cable. 
Cable manufacturers, I suppose, like very ordinary mortals, manufacture 
cables for a living. They have a position of very great responsibility, 
and I think they feel their responsibility. In the introduction of any new 
article it must cither be something that the purchaser knows is durable, 
or it must be something that the purchaser is content to take on very 
specific guarantce from very responsible people. When Мг. О’Согтап 
“supposes” that we might get an insulator which has as low a capacity 
as air and will last for one hundred years, I do not see why we should 
not suppose it. In point of fact, I do not see how we could do 
anything else; we shall certainly not be in existence to prove it. But 
people who buy cables are very particular. They do not want to 
“suppose” any more than they can help, and if they can have a material 
which they know has lasted one hundred years, I am inclined to think 
they will have more confidence in it than something which is only 
supposed or alleged by the designer to last for one hundred years. 
They do look for results, and I think that they are justified in doing 
so. They put a great deal of money into cables, and what they get 
they expect to be good. That only relates to the opening remarks 
of the paper. On such points I am inclined to think that perhaps Мг. 
O'Gorman has generalised from a limited experience. That aside, I 
think he is entitled to our heartiest thanks for the very great trouble 
which has been involved in connection with the paper. He must have 
put a good deal of brains into this paper, and I think that we are 
highly indebted to him for it. I hope it may result in something 
practical and of benefit to the Institution and the industry. 

Мг. S. 2. DE FERRANTI: All cable-makers will, I am sure, be very 
much interested in this paper. It contains an immense amount of 
matter for thought and careful work. At present cable-making, which 
is apparently a very simple process, receives the greatest possible care. 
The money-interests are so large, the value passing through weekly is so 
enormous, that any properly conducted cable company constantly uses 
the very greatest care to try and make the best cable they possibly 
can, especially considering the great competition there is, and with a 
view to making all sorts of small savings and to gaining slight advan- 
tages over rival manufacturers. With regard to the paper itself, what I 
think of most interest to the electrical public generally is Mr. O'Gorman s 
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discussion of the most economical voltage, the most economical size 
of cable, and the particular style of cable for transmission of various 
powers to different distances. This is a matter which may be under- 
stood by some few ; but still it wants very careful consideration, and 
it is a very good thing that Mr. O'Gorman has brought it up for con- 
sideration in the middle of his interesting scientific paper. It is 
quite surprising, when you come to work out questions of electric 
transmission and distribution, to find out, for example, under practical 
conditions, what the best voltage is. То begin with, it will depend 
upon the size of your scheme, апа to a very large extent upon the 
number of points of distribution to which you have to take your power 
It is very curious to see how a higher voltage in some cases is less 
economical than a lower one. Copper is quite a small factor in the 
total cost. Insulation may be much more serious, and in a case that 
I have in my mind I remember being exceedingly surprised to see that 
а 10,000-volt transmission, although the distances were considerable, 
was nothing like so economical as one of 5,000 volts. When I speak 
of transmission, I mean transmission and distribution. It is not a simple 
case that Mr. O'Gorman has given us of transmitting a certain power 
to one specific place, but it is when you have got to transmit it to 
distributing centres, and then from those centres radiating to a 
number of customers or points of consumption of various size. It is a 
thing which any member of the Institution who is interested in this 
particular point would find very valuable to work out as a test case. 
Then another feature is this: you commence with a scheme of a 
certain total capital expenditure, for example, to distribute a certain 
number of kilowatts over some given district. You find that one 
voltage is the most economical to start with, but if you assume a certain 
development over a certain number of years—of course it is a variable 
amount, and you must use your best judgment—you will see that 
the starting voltage is no longer the voltage for working at later 
on ; and so it is really very hard to calculate what is the best thing 
to do. It is largely a matter of good judgment, which I suppose 
would come from good natural sense, and I won't say from a prophetic 
eye, but from something of that nature. It is very much of the nature 
of a speculation, in fact, to know what are the best voltage and the best 
lines to go upon іп a case of this kind. It really depends upon the rate 
of development and many other things that make it most complex, 
Then the thickness of dielectric for these high pressures is quite a 
serious matter. I think it is borne out in the paper that thicknesses 
are too great, according to the Board of Trade rules, where cables are 
large. That is a point I feel very strongly upon, because I think it 
is one of the things which to a certain extent handicaps the industry 
of distribution on account of its adding, perhaps unnecessarily, to the 
total cost. These high-tension cables are mostly paper-covered, and 
then covered with lead. It is not only the question of more insulation. 
but also that of the much heavier lead, and with lead at the price we 
have recently been paying, it is а very serious matter indeed. Тһе 
Board of Trade rule is apparently a very simple one, and it may or mav 
not seem curious that it exactly corresponds to the 10,000-volt mains 
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originally laid from Deptford, which had a radial thickness of half an 


inch of insulation over the inner conductor. That comes out to fit the 
rule exactly. The rule came after the mains, and no doubt it was а 
practical way of dealing with the subject. It wasless likely to be wrong 
than saying something else. With regard to the question of cable- 
makers and their not liking to speak in the discussion, I do not know 
whether I have told you anything that is not the common property 
of all cable-makers. I think cable-makers who do know their business 
—that is to say, АП the leading cable-makers in this country—have 
practically no secrets. I am sure I should like to have some. I would 
rapidly convert them into patents, and I do not doubt that I should 
get some most pleasant results from them as regards cable-making. 
But you may take it that practically there аге no secrets. Тһе thing 
is very plain. It has got down to be a very common industry which 
is very carefully supervised. It is essentially a financial operation, 
and that operation is to make the maximum profit with a view toa 
lasting business. That is really the only secret there is in cable-making 
to-day. 

Mr. Е. К. Scotr: I have been looking into this question recently, 
and I think that for moderate voltages, say 2,000 or 3,000, the semi-solid 
system, as it has been laid down at Chatham, Rochester, Worcester, 
and other places, is more expensive than the paper-covered cable lead- 
covered and laid in bitumen or otherwise. When you come to 
20,000 ог 30,000 volts, however, you want something that will stand: 
it is not a question of expense at all. Suppose you wish to put down а 
paper-covered cable for 30,000 volts, then according tothe Board of Trade 
rule you must have the paper on the cable at least 14 inches thick, that 
is altogether 3 inches of paper, which means running the cable through 
the covering machine about 20 times. "There is the great expense of 
covering, and then, when you have done, the conductor is 3$ inches in 
diameter and you must put on lead at least a quarter of an inch thick, 
which means that the lead alone will cost about £600 a mile—after which 
it would require something in the nature of a traction engine to draw 
in such a cable. Above all, I think the cables that we shall have 
to use from now onwards will be cables to draw in, for people will not 
stand this dragging up of the streets every day. Of all cables the paper- 
covered cable is the worst to draw in, for when bent the insulation does 
not go back like rubber, but the layers of paper slip one over the other 
and do not go back into place properly. It is, however, the oil on the 
paper that is depended upon for insulation, and in the Brooks main you 
have ай oil, which is the very thing required. "There is, of course, the 
jute to protect thé cable whilst it is being drawn in and to support the 
conductor from the bottom of the conduits. It might be thought that 
the fact of the conduits having all been made of cast iron would be a 
disadvantage ; but they need not be iron. The porcelain conduits 
that are now on the market form an insulation in themselves. They 
are made in about 3-feet lengths, which means a good number of joints, 
but you can make the joints sufficiently oil-tight for a Brooks main 
because the oil is very viscous indeed ; immediately it gets through a 
leak it becomes hardened and seals the leak. Where one does not want 
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to make a joint every few hundred yards or so, I think there is a good 
deal to be said for the Brooks main. If there were a number of joints 
there would be an objection to this type of main ; but in the case of 
an important extra high tension feeder running out some distance to a 
substation, I think there is a good deal to be said for it. 

Mr. F. C. RAPHAEL : Very much has been said in praise of Mr. 
O'Gorman's paper, but I would like to add my tribute on one feature 
which I do not think has been mentioned yet. He spoke about the 
degradation of rubber, but, to his credit, he did not follow the general 
fashion and speak of the degradation of the British electrical engineering 
industry, which has been dwelt upon very much lately at this Institution. 
The reason, I am sure, is that the British cable industry is certainly in 
no fear of decadence at all. We still stand first, and we are likely to do 
so,—although there is the fear of stagnation which Mr. O'Gorman has 
alluded to, and in connection with which he suggested that we should 
follow out more systematic methods, and pay more attention to the 
laboratory. 

Mr. O'Gorman's paper on the insulation of cables commenced with 
some figures to demonstrate the importance of the cable industry. I 
would like to point out that these millions of pounds are to a large 
extent copper and not insulation—that the cost of the copper sold in 
cables is ever so much more than that of the insulation. I am there- 
fore surprised that the author considers high-pressure cables to be more 
profitable than low-pressure cables to the cable manufacturer. One 
might almost have applied his argument to a consulting engineer who 
gets his 5 per cent. commission on the actual expenditure on the 
installation, and say that it pays him better to design the switchboard 
than to design the cable network—allowing ample provision for 
extensions. 

To come to a more practical point, Mr. O'Gorman spoke of an ideal 
dielectric, in which the leak made by a high-pressure discharge would 
seal up. I believe some recent cable specifications have contained this 
provision ; anyway, people have an idea that it is a new thing, and that 
all good dielectrics nowadays have got to seal up, if by any chance 
the insulation sparks through. I cannot agree that this is good. Any 
automatic device which cannot be supervised is liable to get out of order. 
If you shut away an automatic machine in a cellar, and are unable to visit 
it, it is sure to get out of order in time. А self-sealing fault in a cable is 
purely an automatic device, and the longer it works, the worse it gets. 
Suppose a cable sparks through, and the fault afterwards seals up. A 
little time later you get possibly the same effect of capacity or induction, 
and a rise of pressure, and the cable will spark through again probably 
at that place. I had some experience in that direction ten years ago, 
long before these self-sealing dielectrics were considered a good thing, 
and we found them a regular nuisance. We found, say, that a cable 
connected up to a station switchboard would spark through and cause 
the fuses to go. If it was put on again, it immediately sparked through ; 
but, on disconnecting it from the switchboard and testing it later on, 
when one could disconnect the main sufficiently, one found that the 
fault had sealed up and could not be localised. If we put on the 
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machine again, in the course of a few hours or days the cable would 
spark through as before. I have subjected faults like that six or seven 
times to currents which blew the fuses, and yet they have not broken 
down, and I could not find them. І have subjected a fault that 
blew a fuse at 2,000 volts repeatedly, to 4,000 or 5,000 volts before 
I could get it down to the number of ohms necessary to localise the 
fault. It would be ever so much better if these cables did break down 
straight away. The switchboards are fitted with automatic devices, and 
we have disconnecting boxes on our networks. Between midnight and 
dusk the next day you could easily find the fault, cut it out, and repair 
it. That is not ncarly so much trouble as if you are constantly in fear 
of the fault breaking down at any time. 

I would like now to come to the question of high insulation. Mr. 
O'Gorman admitted that high insulation in cables is good in the feeders, 
but did not consider it necessary in. the distributors. It is, however, 
not a question of when the mains are under the ground ; it is a question 
of testing them in the factory. If you have a cable of 10 megohms per 
mile, and you put it in water for twenty-four hours, if there is a slight 
leak in it, it will not get lower than the то megohms ; whereas, if it has 
normally a greater number of megohms, you will find the leak and 
repair it, and you will not be sending out a bad cable. This matter is 
often confounded with the question of what one may call abnormally 
high insulation. И you have а bad cable, say а bad fibrous cable, 
testing 200 or 300 megohms per mile, which probably shows that it is 
not properly dried out, you can easily strip that cable, put it in the 
tanks, and bring its insulation up to a thousand or more megohms per 
mile, but at the same time weakening the insulation mechanically. 
That does not prove that in general high insulation is bad. As a 
general rule, a good cable with a high insulation will be better than 
a good cable with a low insulation, assuming the same insulating 
material in the two cases. There cannot be any doubt about that ; it 
secms almost ridiculous to say so, and yet people argue, probably 
because it sounds a very pretty paradoxical statement, that, if your 
insulation is too high, the cable is bad, and if the insulation is low the 
cable is probably very good indeed. 

I am rather diffident about speaking en the question of the “grading” 
of insulation, as it is a very new thing. I believe, though I am not quite 
sure, that I noticed some cables at the Paris Exhibition, exhibited by 
the Société Industrielle des Téléphones, with vulcanised rubber round 
the copper, and paper over this under the lead. That would, I suppose, 
roughly be something in the direction indicated in Mr. O'Gorman's paper. 
There is one point not to be forgotten. Mr. O'Gorman stated that a 
very high factor of safety is employed now. Тһе reason for this factor 
of safety is that we are dealing with mixtures of very complex organic 
compounds, which one cannot express by any chemical formule. 
Moreover, they are not easily reproducible with accuracy. Тһе same 
applies to the tape, paper, etc. ; you cannot always be sure of procuring 
exactly the same sort. In the case of a cable with a carefully worked- 
out insulation, these difficulties are ever so much increased. The same 
applies to the various unavoidable accidents in manufacture, such as 
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the introduction of impurities. You get these impurities as before, but 
you have a smaller range of thickness to rely upon, so that the least 
impurity will cause the cable to spark through and break down, not in 
the factory, but after it has been sent out—a thing that all cable manu- 
facturers are anxious to avoid as much as possible. Mr. Swinburne has 
already pointed out that there may be a flaw in Mr. O'Gorman's theory. 
No doubt Mr. O'Gorman will be able to get specimens of such a cable 
made, and then perhaps we shall have another paper of equal excellence 
to this one, but giving results, and showing whether we have any hope 
of diminishing the cost of cable in the way Mr. O'Gorman indicates. 


Mr. SrUART А. RUSSELL (communicaled) : In looking through Mr. M 


O'Gorman's paper, the point which first strikes one as of most interest 
is naturally his suggestion as to the grading of the dielectric, so as to 
obtain a uniform distribution of the voltage stress. This suggestion is 
a most interesting one, and may, if it can be practically applied, lead 
to a considerable cheapening of cables for high pressures, provided 
that the Board of Trade will abolish their existing rules for the 
thickness of dielectric. 

It is, however, a difficult question to discuss until experimental work 
has been done on it; and I can only therefore make a few general 
remarks as to some of the difficulties which I should expect would be 
encountered in practically carrying out such grading. 

The first point naturally is the danger of affecting the dielectric 
strength by our efforts to produce dielectrics having a regular gradation 
іп the values of their capacity and megohm resistance; and I think a 
greater difficulty will be found in dealing with the capacity question 
than with that of resistance. "There is a further point with regard to 
the permanency of these specially-arranged values of capacity and 
resistance which will, I think, necessitate experimental work continued 
over a considerable period, before it would be safe to lay down cables 
manufactured in this way for high-pressure work ; as the effect of 
ageing must assuredly be carefully studied, as it would be a most 
serious matter if, in ageing, the pre-arranged capacities or resistances 
should change in such a way as to considerably alter the distribution of 
the voltage stress. 

Passing on now to some of the statements made in the paper, I 
think that Mr. O'Gorman hardly gives sufficient credit to manufacturers 
and others with regard to the amount of technical work that has been 
done in connection with cable making. И he will refer, for instance, 
to the papers by Preece, Siemens, and Hughes, reprinted in the journal 
of this Insfitution for 1892, and will read these papers and the discus- 
sions, he will, I think, find that many of the points now being 
considered, such as the relative effect of high-pressure currents from 
transformers and from induction coils or influence machines, the 
relation between disruptive strength and megohm resistance, and the 
effect of ratio of outside to inside diameter of dielectric on the disrup- 
tive strength of cables, were already engaging the attention of many 
workers. As an example I would refer to his statement that, “It is 
only two years since the discovery was announced by Steinmetz that 
the disruptive effect of a sinusoid alternating voltage on heavy oils is 
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greater than that of peaky volt surgings from an induction coil or high- 
frequency oscillations. Should not this have been known many years 
ago?" 

It was, I believe, known to a good many people, and in the discus- 
sion on Professor Hughes's paper, already referred to, on “ОП as ап 
Insulator,” Mr. Campbell-Swinton gave this explanation of the 
difference between the results he obtained with an induction coil and 
those obtained by Professor Hughes with a high oscillation discharge ; 
and Mr. William Gray offered this same explanation to show why 
Professor Hughes got such different results from those which had been 
obtained in tests made by us with an alternating current transformer 
at Silvertown in 1801. 

There is one other point I would like to refer to, and that is Mr. 
O'Gorman's conclusion that the disruptive strength of dielectrics always 
decreases with increased thickness, as I consider it as possibly incor- 
rect, and at any rate very misleading in dealing with the disruptive 
strength of manufactured cables. I am not in a position to say that his 
conclusion is actually wrong, but a few experiments made ten years 
ago at Silvertown on thin sheets with electrodes of large area, do not 
appear to bear out his conclusion ; and I am inclined to think that the 
comparatively small size of the electrode as compared with the spark 
gap, has much to do with the result of tests to which he refers. 
Unfortunately in quoting T. Gray's tests on oils, the author of the paper 
does not give any information on this point ; but, seeing that gaps up 
to то centimetres were employed, the size of the electrodes would have 
had to be inconveniently great to get uniform stress lines. Whether 
his conclusion is correct or not as regards the disruptive strength of 
uniform sheets, such results cannot be applied to cables, as unfortunately 
there always do exist imperfections of manufacture, a point which is 
of course, fully realised by Mr. O'Gorman, and mentioned in the paper. 
The effect of such imperfections is relatively much greater in the case 
of thin coverings than in the case of thick ones, more especially in all 


. cables where a thick covering is obtained by putting on successive 


coatings, and is not all put on at one operation. The consequence 15 
that, in practice, we find exactly the opposite result; that is, the 
apparent dielectric strength of cables undoubtedly increases with the 
thickness of the covering for all such sizes as are now in use. 

I am not, of course, only comparing two cables with the same sized 


conductor, although even in this case, with such values of р аѕ аге 


commonly employed, this rule holds good; but am more especially 
referring to the case where two different sized conductors are covered 
to the same ratio, so that the distribution of voltage stress shall be 
similar in both. 

Mr. M. O'GoRMAN, in reply (communicated): I at first thought that, 
as Mr. Swinburne suggests, there might be difficulty in “ grading” 
cables for the very reason that he names. Тһе question was, Can we 
obtain substances having a large specific capacity for the inner layers, 
and at the same time no less disruptive strength than the materials 
ordinarily used in the outer layers? It was to verify this amongst 


1901.) DISCUSSION. 697 


other things that Appendix I. was drawn up. That Appendix gives a 
sufficiently favourable answer. It will be seen that by a fortunate 
coincidence the materials of higher capacity are usually materials of 
greater disruptive strength. I do not think it would surprise investi- 
gators if experiments on purer materials showed that this coincidence 
became a law. For the present the coincidence is sufficient. In my 
abstract of the paper I did not draw sufficient attention to the fact that 
“capacity grading" by loading or by impregnating paper, or by using 
gums and oils, etc., is the only “ grading” of immediate practical 
interest —(1.) Because high pressures are almost always alternating. 
(i) Because the oils and gums available for high capacities are in 
constant use in almost exactly the manner I propose, save that they are 
arranged in the wrong order. (iii) Because even were continuous high- 
tension cables employed, the maximum stress would in all probability 
be due to varying pressures arising when circuits having self-induction 
or capacity are broken. 

It has since occurred to me that until one has thought about it, it 
is not obvious that for alternating currents, the conductivity of the 
different layers of the insulations ought not to be “graded.” At 
ordinary frequencies, even as low as 25 cycles per second, the 
potential between the plates of the elementary condensers in which I 
considered the dielectric to be divided in Fig. 5, Par. 54, is not affected 
by leakage through the condensers. Any individual condenser would 
require a time greatly in excess of the interval between two half 
periods to discharge itself through a few megohms. The time of 
discharge would probably be of the order of hours and not fractions of 
a second. I myself had overlooked this point at first, and was con- 
fronted with the apparent necessity of grading all cables both for 
capacity and insulation resistance, and the search for an appropriate 
insulator was thereby rendered very much more difficult. As things 
are,however, I hope to get a 37/14 10,000-volt cable made in accordance 
with the particulars given in Paragraph бо, with 30 per cent. saving of 
insulation and lead. Тіс grading for conductivity, were it required, 
would be easy enough without impairing the disruptive strength of any 
laver, witness the example in Par. 47. This is due to the enormous 
range of insulation resistances possessed by the different well- known 
dielectrics which vary by millions of megohms. 

I had feared that some one would object to my apparent neglect of 
skin resistances between metal and oil when calculating the percentages 
of castor oil to be added to the insulation in Par. 60. Actually, the 
drop of volts in crossing the skin may be taken to diminish the effective 
maximum stress and not to affect the shape of the curve of stress or 
the proportions of each oil used. The skin resistances of ditferent 
substances varies: paraffin wax, for example, when in contact with 
copper apparently shows very little skin resistance, hence paraffin wax 
must be very strong if it is to compete in thin layers with a substance 
which shows very high skin resistance. For this reason, petroleum 
oils which contain paraffin wax in solution ought not to be used for 
smothering a high-tension spark. Mr. Swinburne compared the 
resistance of a gun to the puncture resistance of insulation. This is a 
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particularly happy simile, but I do not think it should be pushed so far 
as to constitute an argument against thc likelihood of a brush discharge 
occurring in dielectrics other than air. Nevertheless, I think that a 
cable-maker should have the solution of the gun problem clearly in his 
mind when he is asked to design a cable for hitherto unused pressure. 
It will infallibly give him a desire to try “ grading." 

I must, of course, agree with Mr. Swinburne that altering the 
rclative radii of the conductor and insulation is the simplest way of 
keeping the voltage gradient within safe limits, but I do not know that 
increasing the size of the conductor, or using aluminium as suggested 
in Paragraph 102, has before been considered as a possible way of with- 
standing higher pressures. It only occurs in exceptional cases, but it 
should be of value. These cases must be worked out by the cable 
purchasers and consulting engineers, as it does not seem to be the 
cable maker's business to show the engineers that a larger cable can be 
got for less money, nor to make a number of estimates gratuitously in 
order to diminish the value of their orders. It is doubtless useless to 
hope to do away with altering the dimensions of cables to stand high 
pressures. I should be satisfied if only 10 рег cent. were economised 
on all high-tension cables by means of * grading." I shall take an early 
opportunity of trying the value of “ butterskin." 

I am sorry to find that, except Mr. Kingsbury and Mr. Russell, 
cablemakers have largely fulfilled Mr. Swinburne's prophecy in the 
discussion, but this is probably due to the fact that they have not the 
time to talk about cables; they are so busy in making them. Mr. 
Russell's expectation of difficulty in grading capacity I fully sympathise 
with, but as I pointed out above, it solves itself. The higher capacity 
substances have, as a rule, the higher disruptive strengths. Whether 
loaded paper, gums, or viscous oils will remain permanently in their 
“graded” order is a very pertinent consideration, and I am glad it is 
raised, although it is dealt with in the paper. Several things might tend 
to disturb the prearranged order—among them are diffusion, electric 
attraction, and gravity. The most dangerous is electric attraction, but 
here, again, the difficulty resolves itself. The tendency of dielectric 
materials under electric stress is for the materials of high specific 
capacity to group themselves along the lines of greatest stress. Ап 
elementary example of a material of high specific capacity immersed 
in a matrix of lower specific capacity is a pith ball in air. It moves 
towards the place of greatest stress, say towards a charged brass ball, 
regardless of its polarity. This is important. We see here that with 
alternating potentials as well as continuous, the materials of high capa- 
city move towards the conductor and not towards the sheath, because 
the stress lines are greatest near the conductor. See footnote to Par. 57. 
This tends automatically to prevent derangement of “ grading." 

Diffusion at ordinary temperatures is known to be unimportant in 
the case of paper impregnated with oil, because it is resisted by the 
greater force of capillarity. Also, the diffusion will depend on the 
relative densities and viscosities of the oils and gums, and even if these 
qualities were as divergent as the specific inductive capacities (which 
they are not, in many cases, at ordinary temperatures) the tendency to 
diffuse would be small. 
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Gravity, aided and abetted by the expansions due to changes of UMS 
temperature, might be feared were it not so easily combated by the use | 
of substances which practically solidify. We сап thicken rosin oil with 
palm oil or substances like rosin; we can use gums like rubber, and 
materials which stiffen with oxidation like linseed. 

Mr. Russell refers me to the papers by Preece, Siemens, and Hughes 
in 1892, and I may say that I had not entircly neglected these papers 
before writing my own, which is on very different lines. In Appendix I. 
will be found some of the results which were published in these early 
davs, and their author's name is duly acknowledged. 

Sir William Preece's paper was valuable in 1892, but space did not 
allow of a discussion of points raised so long ago, especially as opinions 
were then so very conflicting. I will take one or two examples. He 
thought that 5,000 volts per centimetre of insulation was probably as 
much as could be safely permitted in practice. Clearly it would be 
a refinement to discriminate between the sine waves and peaky waves 
to which an insulation might be submitted when the maximum safe 
pressure is named at a figure which is now quite out of date. With 
regard to Mr. Siemens' paper, it will be remembered that he expected 
the distance through which a spark would penetrate would be greater, 
the greater the frequency. With frequencies of 80 and тоо he found no 
appreciable difference. Professor Hughes, on the other hand, found 
that oil was very superior to air and gutta-percha at high frequencies 
(and presumably when the waves are not sine waves), and I am obliged 
to Mr. Russell for pointing out that Northrup and Pierce were forestalled 
by Hughes and Swinton in this matter. Sir William Preece actually 
proposed that the thickness of the coating should be such that after it 
had cracked, through age or accident, the air which might fill that 
crack should be sufficiently thick to prevent puncture. He took (with 
a puncture distance of a millimetre of air) боо volts, whercas we are 

now fairly sure that the stress depends not only on the volts, but on the 
relative curvatures of conductor and sheath as well as on the voltage 
gradient in the air and on the skin resistance between air and metal, 
and that apart from skin resistance it is about 27,000 volts per ст. 1 
think that Mr. Russell himself pointed out that if a crack did occur, the 
surfaces of the crack would nullify all considerations of what was the 
strength of air between conductors. 

Mr. Russell misunderstood, I think, my remarks about the disruptive 
strength of dielectrics. I will restate the position as follows, and he 
will then possibly not disagree. When there is a gap between two con- 
ductors, the resistance of that gap (to puncture) often consists of two 
parts: (1) the specific resistance of the insulation, which is very 
frequently a constant for all thicknesses. (2) The skin resistance 
offered by the surface between conductor and gap, which is apparently 
a constant for any one metal and any one insulator. When the 
gap is small the resistance due to (1) is small, but that due to (2) is large 
with substances like linseed oil, castor oil, vaseline, N.W. Virginia crude 
oil, air, etc., and consequently in all these cases (and apart from im- 
purities) the total strength of the gap in resisting puncture measured in 
volts per cm. of gap is less for large than for small gaps. T. Gray and 
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Lombardi’s experiments confirm this, as also does the experiment Mr. 
Cozens-Hardy made on the lecture table in illustration of my paper. 
There are exceptions to this subdivision of the strength of a gap into 
two parts: one occurs when the conductors are carbon in air, the other 
when the gap is full of certain qualities of paraffin wax (the stress curve 
of which is given in Fig 12.) 

The paper on the strength of oils by T. Gray does not, I think, 
mention the size and shape of his electrodes, but as his former and 
fuller paper (Phys. Rev. 7, pp. 109-200; 1898) gives details of the very 
large and slightly curved electrodes used, I think Professor T. Gray’s 
results can undoubtedly be taken not to suffer from the elementary error 
Mr. Russell suggests. I would thank Mr. Russell for his contribution to 
the discussion. 

Mr. Bright remarked that Sir Wm. Siemens had shown that all 
known compound mixtures of indiarubber absorb water ; but this has 
little value, because so far I have been unable to find any published 
results which show the constituents of the compound rubber which was 
found to fail, or the effect, improvement, or otherwise of varying these 
constituents. It does not even appear proved that pure uncompounded 


- vulcanised rubber does absorb water when it is not under the very 


definite pressure to which Mr. Bright alludes. Mr. Bright gives point 
to the mechanical test on compound rubber named in Par. 37, and 
detailed during the reading of the paper, by saying that a cable rubber 
having abnormally high insulation is known by experience not to be 
durable mechanically. 

I am glad to admit Mr. Jacob's claim that he has very clearly 
indicated the method which I ascribed to Professor Perry of deter- 
mining the potentials within the thickness of a dielectric by making a 
model and using a needle point upon a sheet of platinum. 

When Mr. Raphael points out that of the total cable turnover a 
large proportion is copper he is right, but with extra high-tension cable 
the major part of the capital expense is for materials other than copper, 
and his contrary opinion based on an error ; thus on a 37/14 cable for 
10,000 volts (single, paper-insulated and lead-covered) I happen to 
have recently made the estimate, and the cost is divisible into three equal 
parts— {£100 insulation, £100 copper, and £100 lead. 

I agree that it is futile to specify for cables which shall seal up a fault, 
but in the hypothetical perfect cable spoken of in Par. 2 it would 
be an advantage if, after an abnormal rise of pressure due to some such 
cause as breaking an inductive circuit or where the break was shunted 
by a condenser, the ensuing puncture were to become perfectly healed 
for all working stresses. 

As for the detection of partially self-sealed faults, it is usually possible 
to carbonise the fault by maintaining a high-pressure current through it 
and then it is easy to find. Mr. Raphael makes a plea of high insula- 
lation for the sake of easily finding the fault in the factory, though he 
is apparently willing to admit the claim that low insulation is good 
enough once the cables are sound throughout and laid in the ground. 
As he and I served a similar apprenticeship by working for several years 
in the same cable factory, I do not like to differ from him radically, but 
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I believe he himself would quickly devise, if he has not already done so 
in his book, a high pressure test which would search out all the faults 
as well as is now ever done on 1,200 megohm cables. In the paper I 
have not touched on bad cables stripped of lead and re-tanked and 
re-covered. The paper is too long already. It is quite possible to 
detect when the fibre has been deteriorated by over-heat or torn by the 
stripping tool, but it is useless at present to explain the signs of this. 
In saying that cable insulations are not reproducible with accuracy 
because their chemical formulz cannot be written down, Mr. Raphael 
forgets that their specific capacity is reproducible with accuracy and 
can be written down even when their specific insulation is very 
variable, and it is just this property which I propose to utilise in 
“ grading." i 
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ing candidates to have been duly elected :— 


Members: 


Carl Hering. | С. Odilon Mailloux. 
George Alfred Neale. 


Associate Members: 


James Kerr Bock. Albert.Edward Pullen. 
Ivan Fawcett Fawcett. William Smethurst. 
Associates: 


James Cairns, | John Edward Field, Junr. 
| James Stormont. 


Studenls : 
Herbert Lancelot Coyle. James Douglas Kendall Restler. 
Alexander M. Nicolson. Frederick Eaton Robinson. 


Raymond Walter Thompson. 


Mr. 
O'Gorman. 


The 
President. 


709 | TRANSFERS. [March 14th, 


The Three Hundred апа Sixty-First Ordinary General 
Meeting of the Institution was held at the Institution 
of Civil Engineers, Great George Street, Westminster, 
on Thursday evening, March 14th, 1901, Professor JOHN 
PERRY, F.R.S., President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
the 7th of March were read and confirmed. 


The names of new candidates for election into the Insti- 
tution were announced, and it was ordered that the list 
should be suspended in the Library. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associate Members to that of Mem- 
bers— 
Ernest Kilburn Scott. 
From the class of Associates to that of Associate Mem- 


bers— 
C. D. Taite. 
William Wyld. 


From the class of Students to that of Associates— 
Percy W. Freudemacher. 


Mr. W. W. Cook and Mr. H. L. Leach were appointed 
scrutineers of the ballot for the election of new members. 


A Donation to the Library was announced as having been 
received since the last meeting from Monsr. C. H. Julius, 
and to the Building Fund from Messrs. R. H. Benham, 
W. P. Digby, H. W. W. Dix, and M. Solomon, to whom the 
thanks of the meeting were duly accorded. 


SOME NOTES ON POLYPHASE SUBSTATION 
MACHINERY. 


By A. C. EBORALL, Member. 


Polyphase systems of generation and transmission, com- 
bined with direct-current distribution from substations, are 
very much in evidence at the present time, in connection 
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with many large lighting and traction schemes, and there is 
little doubt but that the use of such combined systems will 
greatly extend in the future for those cases where power has 
to be supplied in very large amounts over large areas. The 
author thought, therefore, that a paper embodying some 
notes on the subject might be of interest to many members 
of the Institution ; and, complying with a request of the 
President, the scope of the paper has been confined as far 
as possible to practical questions of everyday working that 
have come within his own experience. Consequently, many 
of the points discussed must be quite familiar to those 
members who have worked in the same direction, who must 
kindly bear in mind in this connection that the author does 
not profess to put forward anything new, but merely to 
bring up for discussion some working notes on the subject. 

In the following pages, then, the general ideas under- 
lying the equipment and operation of polyphase substations 
are first dealt with, and this is followed by some features 
of working, and a comparison of the different types of 
machinery that can be employed for the work under con- 
sideration, together with some details and examples taken 
from actual practice. It is always to be understood that the 
author has in mind the case in which very large amounts of 
power (transmitted at high pressures) have to be handled— 
the modern case in fact. Moreover, on account of their 
greater commercial importance, three-phase systems are 
more particularly considered. 


I. SUBSTATION EQUIPMENTS FOR LIGHTING OR 
TRACTION. 


Considering the general case, applicable to large towns, 
the polyphase current will be sent over the transmission 
lines from the distant power-station, usually arriving at the 
various substations in the supply area at a pressure between 
5,000 to 10,000 volts between lines, according to the length 
of the feeders and amount of power to be transmitted ; the 
work to be done comprises the conversion of the whole of 
the current in question into direct current at 2 x 220 volts for 
lighting, or 500 to 550 volts for traction, together with the 
provision of means for regulating the current and feeding it 
into the low-pressure networks comprised in the arca. It 
can be done by three different types of substation, each type 
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little doubt but that the use of such combined systems will 
greatly extend in the future for those cases where power has 
to be supplied in very large amounts over large areas. Тһе 
author thought, therefore, that a paper embodying some 
notes on the subject might be of interest to many members 
of the Institution ; and, complying with a request of the 
President, the scope of the paper has been confined as far 
as possible to practical questions of everyday working that 
have come within his own experience. Consequently, many 
of the points discussed must be quite familiar to those 
members who have worked in the same direction, who must 
kindly bear in mind in this connection that the author does 
not profess to put forward anything new, but merely to 
bring up for discussion some working notes on the subject. 

In the following pages, then, the general ideas under- 
lying the equipment and operation of polyphase substations 
are first dealt with, and this is followed by some features 
of working, and a comparison of the different types of 
machinery that can be employed for the work under con- 
sideration, together with some details and examples taken 
from actual practice. Ц is always to be understood that the 
author has in mind the case in which very large amounts of 
power (transmitted at high pressures) have to be handled— 
the modern case in fact. Moreover, on account of their 
greater commercial importance, three-phase systems are 
more particularly considered. 


I. SUBSTATION EQUIPMENTS FOR LIGHTING OR 
_ TRACTION. 


Considering the general case, applicable to large towns, 
the polyphase current will be sent over the transmission 
lines from the distant power-station, usually arriving at the 
various substations in the supply area at a pressure between 
5,000 to 10,000 volts between lines, according to the length 
of the feeders and amount of power to be transmitted ; the 
work to be done comprises the conversion of the whole of 
the current in question into direct current at 2 x 220 volts for 
lighting, or 500 to 550 volts for traction, together with the 
provision of means for regulating the current and feeding it 
into the low-pressure networks comprised in the arca. It 
can be done by three different types of substation, each type 
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embodying a distinct class of equipment, as set out more 
particularly below ; the size of the units in the substations 
will vary in general between 300 and т,ооо kilowatts 
individual output. 

(a) Asynchronous Motor-generator Equipment. 

This type of substation equipment consists in the 
employment of a number of polyphase induction motors 
driving an equivalent number of direct-current generators; 
the motor-generator units will be of such a size that the 
high-pressure current can be led directly into the motors, 
and consequently the equipment and operation of the sub- 
station will be of the simplest possible character. Хо 
starting gear has to be provided beyond a simple rotor 
resistance for each motor, there is no synchronising to be 
done, and the regulation on the direct-current side is made 
on the fields of the generators, either by hand or by com- 
pound windings in the usual way. 


The author does not know of a single- case іп which polyphase 
motors of large size (either synchronous or asynchronous) are operated 
with transformed current. The construction of such motors lends 
itself so well to high insulation of the stator that motors as small as 
150 Н.Р. сап be perfectly satisfactorily (and cheaply) built for pressures 
of 5,000-6,000 volts. With the large units required for substation work, 
it does not pay from either the technical or commercial point of view 
to employ step-down transformers—at any rate up to 10,000 volts. If 
the motors are less than about 500 Н.Р. individual output, and the 
pressure greater than this figure, it may pay to employ transformers, 
because the amount of slot insulation required will probably be found 
to be excessive, necessitating the employment of motors of large 
dimensions compared with their output. 

The trouble with high-pressure working without transformers in the 
substations is as a rule in the switch-gear for the motors, but great 
improvements have been made in this during recent years, and at the 
present time there is very little to fear in this respect. 


With the high-pressure current led directly into the 
motors, the best arrangement for the substation will usually 
consist in employing starting switch-pillars for the motors, 
these standing close against them, the direct-current board 
being away against a wall. The rotor resistance and stator 
starting switch would be interlocked, and thus, as each 
switch-pillar is self-contained, the starting up of each set is 
performed by one movement of a hand-wheel, this taking 
the place of the engine stop-valve in a steam plant. The 
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employment of a starting switch-pillar adjacent to the motor 
possesses the great advantage of reducing the length of the 
heavy rotor cables to a minimum (an important point), 
while security of working is assisted by interlocking the 
starting gear. 

Of course, if the motors are provided with permanently 
short-circuited rotors, ап auto-transformer device in the 
stator takes the place of the rotor resistance ; this feature of 
construction and method of working 16 not advisable how- 
ever, being, for work of the character in question, far 
inferior to that referred to above. It should be borne in 
mind, in this connection, that it is standard practice nowa- 
days to build all induction motors of large size (having 
wound-rotors апа slip-rings), with an arrangement for 
short circuiting the rings and lifting up the brushes after 
once the motor has attained full speed, thus limiting wear 
(and loss) on the rings to the period of starting up—3o 
seconds as a usual maximum figure. 

If direct current is available at the substation, being 
derived from a motor generator already running, or from 
another substation, it is perfectly possible to start up the 
sets as they are wanted, from the direct-current side. Under 
certain circumstances, this method of operation will give 
good results, but in general it is not so convenient as that 
first described, and consequently rarely used. In any case it 
is necessary for one or more units in the substation to be 
provided with rotor resistances or equivalent devices, so 
that they may be started from the alternating-current side 
whenever this may be necessary. 

For feeding three-wire systems, each motor would drive 
two direct-current machines each of half its output, one at 
each end of the shaít, the two machines being іп series ; 
or the motor would drive a single generator of the same 
capacity, feeding the outers, auxiliary devices being used in 
the usual way for balancing the load. 

(b) Synchronous Motor-generator Equipment. 

With this equipment, synchronous polyphase motors 
operated at the line pressure take the place of the induction 
motors referred to above; conforming with standard 
practice, the synchronous motors would be of the revolving 
field type, the exciting current being led into the field 
system by means of slip-rings and brushes. А substation 
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with such an equipment will also be of a very simple 
character, but not quite so simple as the foregoing ; this is ОП 
account of the necessity for synchronising the motors before 
switching them in, because the starting arrangements are 
more elaborate, and also because the synchronous motors 
are not self-exciting. Тһе excitation of the motors would 
usually be effected from direct-coupled exciters, or from 
separate (induction) motor-driven exciting sets fed by step- 
down transformers, or from the bus-bars ; frequently the 
latter method, in conjunction with either of the former 
methods, will prove to be the most convenient. The 
performance of synchronous motors depends so much 
upon the field adjustment (see later remarks), that a well- 
designed field regulator for each motor is a necessity. 

The starting of the motor generator sets may be effected 
in several ways. By far the best way from every point of 
view is to start them from the direct-current side, the direct 
current being derived from the bus-bars, if other machines 
(or substations) are running, or from a small auxiliary direct- 
current generator driven by a low-pressure induction motor, 
if no direct current is available at the switchboard. Of 
Course, as soon as the first machine is running, all the others 
can be started from it, but it must be remembered that it is 
always necessary to provide means for starting up any motor 
generator in the substation, from the alternating-current 
side, either directly or indirectly. One of the best possible 
adaptations of the above arrangement is to provide an 
auxiliary (asynchronous) motor generator which can be 
used for exciting and starting the main units when required ; 
this auxiliary set would be shut down as soon as one or 
more of the main units is in operation, direct current thus 
being available at the bus-bars. И the low-pressure network 
is arranged to be partly fed, or balanced, by accumulators, 
the starting and exciting would naturally be effected initially 
from these, and the whole arrangement becomes one of 
great simplicity ; this is, however, not the general case. 

The operation of switching in а synchronous motor 
generator started in this way is of course very simple. "Тһе 
set being brought up to approximately synchronous speed 
and excited to the right value, the correct speed (as indi- 
cated by the synchronising lamps) is attained by regulating 
the fields of the direct-current machine now running as a 
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shunt-motor with all main resistance out. At the right 
moment, the main high-pressure switch is closed, and after 
this the direct-current main resistance perhaps short-circuited. 
Finally, the fields of both motor and generator are adjusted, 
the latter in order to take up the load, and the former in 
order to regulate the idle current of the synchronous motor. 

Assuming that no direct current is available, the next 
best method of starting up the motor generator sets, together 
with their direct-coupled exciters, is by means of starting 
motors. Ona bracket at that side of the motor generator 
remote from the exciter, an induction motor is placed, the 
rotor being mounted directly upon the extended shaft; this 
motor would be fed from a step-down transformer and 
would have a capacity of about то per cent. of the full load 
output of the main unit. The number of poles on the 
starting motor would be fewer than the number of field 
poles on the synchronous motor, being such that it can 
bring up the set to a speed somewhat higher than that 
corresponding to synchronism, in spite of the load on it due 
to the iron losses and excitation of the main unit, and the 
friction and ventilation losses of the combination. More- 
over, the starting torque of this auxiliary motor must be 
high, it being preferably attained by the employment of a 
non-inductive rotor resistance; this latter is also of value 
when synchronising, although not absolutely necessary. 

To start up then, all that has to be done is, firstly, to 
speed up the combination by switching in the starting motor, 
and cutting out the rotor resistance until the combination 1$ 
at maximum speed : secondly, close the field circuit of the 
synchronous motor, and regulate the exciting current to get 
the correct pressure ; thirdly, reduce the speed. by slowly 
adjusting the rotor resistance, until the synchronising lamps 
indicate exact synchronism ; then switch the synchronous 
motor on the line, and afterwards cut out the starting motor 
and adjust both field systems as before. 

If the starting motor is constructed with a permanently 
short-circuited rotor (conforming to American practice), the 
rotor windings being of comparatively high resistance and 
the stator fields very strong (in order to get the necessary 
starting torque), then the third operation above will consist 
in switching out the starting motor altogether, as soon as 
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the correct value of field current has been attained. Тһе 
speed of the combination will of course immediately drop, 
and the main switches must be closed as the speed passes 
synchronism, as shown by the pulsations on the lamps. 
Naturally, the operation of putting the motor on the line 
cannot be so well done under these circumstances, and 
hence, as stated above, if a starting motor has to be used at 
all, it is better to use a rotor resistance in conjunction with 
it. It may be mentioned, however, in this connection, that 
if the generating sets in the power-station and the synchron- 
ous motors in the substation are well designed, and 
particularly if the latter machines are fitted with damping 
coils, the synchronous motors will pull themselves into step 
without doing any harm, if they are switched in at approxi- 
mately synchronous speed, and consequently careful adjust- 
ment may be omitted, in cases of necessity. But careful 
adjustment is always advisable, particularly if the motor 15 
thrown in parallel with a number of machines already 
running, or if the power-station is lightly loaded, for the 
efforts made by the incoming machine to pull itself into 
exact synchronism may start the other motors hunting. 

The third method of starting up a synchronous combina- 
tion is referred to more particularly below, in connection 
with rotary converters ; it consists in starting up from the 
alternating-current side by opening the field circuit of the 
synchronous motor, and then connecting the armature 
directly or indirectly to the line. Тһе necessary torque is 
produced by the hysteresis drag, helped by eddy currents 
circulating in the pole-pieces or damping-coils, and is con- 
sequently small ; the method has nothing to recommend tt, 
although frequently used, and, moreover, a little considera- 
tion will show that its employment implies a motor of low 
efficiency at full load, as otherwise the above-mentioned 
losses in conjunction with the armature currents would not 
be great enough to get the necessary torque. 

Apart from the question of power-factor, the running 
performance of synchronous motor generators is very similar 
to that of asynchronous machines, and, moreover, under 
proper conditions of supply, they are equally reliable. 

(c) Rotary Converter Equipment. 

Substations equipped with rotary converters are of а 
far more complicated character than either of the types 
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previously discussed, due to the special character of the 
machines and regulating devices. Although the rotary con- 
verter possesses similar characteristics to those of the 
synchronous motor, and also to those of the direct-current 
machine, yet it possesses in addition a number of special 
features having a large influence on its performance, the 
result being that even when such machines are working 
under the very best conditions, they cannot compare, with 
regard to simplicity of operation, with either asynchronous 
or synchronous motor generators. 

“Тһе first point to be noted in connection with the equip- 
ment of a rotary converter substation is that the rotaries 
require to be operated at low pressure. The pressure 
between any two slip-rings, whatever the nature of the 
armature winding, is always a definite percentage of that on 
the direct-current side with a given pole-width, being about 
61 per cent. for three-phase and about 71 per cent. for two- 
phase rotaries,'—consequently step-down transformers have 
always to be inserted between the slip-rings of the con- 
verters and the high-pressure feeders. For the large capacity 
units under consideration, separate transformers are always 
used for each phase of the transmission line; but it may be 
noted here that, for small three-phase or six-phase rotaries 
(up to about 100 kilowatts capacity) it is always preferable 
to use three-phase transformers for the purpose, for, owing to 
their common magnetic circuit, possible pressure variation 
between the phases of the three-phase tfansmission becomes 
reduced in amount, as such transformers form excellent 
balancers. 

In two-phase work, there will be two transformers per 
rotary; in three-phase or six-phase work of the character 
under consideration, there will be three. The manner in 
which these transformers are connected up in the two latter 
cases is of importance, and therefore a brief reference may 
be made to it here. Considering first the three-phase case, 
it may be stated at once that as a rule, the best arrangement 
of the three transformers will be to connect them up in a 
“mesh,” on both high- and low-pressure sides. This is 
principally because in the event of one transformer develop- 


! These are the no-load values—when the machine is loaded, they are 
naturally departed from to a small extent, on account of the armature drop. 
Moreover, if the impressed pressure-wave is not sinusoidal, the values given 
will be departed from. 
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ing а fault and blowing its fuse, the supply need not be 
interrupted for a moment, for the remaining two will con- 
tinue to supply a three-phase current to all three phases of 
the rotary; the reactions in the latter tend to keep the 
arrangement symmetrical, and the phases equally balanced. 
Under these circumstances the rotary can be kept fully 
loaded over the period of emergency, if not too long— 
naturally the increase of heating in the two transformers 
doing all the work must be carefully watched. If the trans- 
mers had been “star” connected, single-phase current 
would be delivered under the same circumstances, and the 
rotary would have to be immediately cut out on account of 
the heavy sparking that would occur at the commutator ; 
even supposing sparking to be absent, the machine would 
not be able to carry anything like its full load over the 
period of emergency, and moreover the system would be 
thrown greatly out of balance. Another advantage (of 
secondary importance) with mesh-connected transformers 
is that the secondaries are cheaper to wind, because the area 
of the copper in the winding 15 58 per cent. of the copper 
area for the corresponding “star "-connected transformer. 

One advantage of the star connection lies in the fact that 
the space taken up by the primary winding of each trans- 
former 15 somewhat less in comparison, because the pressure 
across each transformer is only 58 per cent. of the full line 
pressure, and hence winding space is saved, on account of 
the reduction in the insulation. "This is, of course, an 
advantage, especially when dealing with pressures of the 
order of 10,000 volts, but, in the author's opinion, it 1$ one 
not to be compared with the safeguard against total break- 
down afforded by the mesh connection. 

Exactly the same arguments apply to the six-phase case, 
in which the secondaries of the transformers are arranged 
with either a double mesh or a double star connection, but : 
preferably the former, as indicated diagrammatically in Fig. 1. 

lt will be seen that this connection makes use of two 
distinct mesh connections, one superposed upon the other, 
the two meshes being in electrical connection through the 
armature windings of the converter. It 1s obtained from 
three single-phase transformers, similar in all respects, each 
being wound with two equal secondary windings. 

The three secondary windings a, b, c, are mesh connected, 
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апа led to three slip-rings in connection with the armature 
winding of the rotary at points 120 (electrical) degrees apart, 
while the three secondaries d, e, and f, are also mesh con- 
nected, but in the opposite direction ; the three conductors 
from the points of this mesh are taken to the remaining 
three slip-rings on the shaft of the rotary, which are in con- 
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Fic. 1.—Six-Phase Mesh Connection for Rotary Converters. 


nection with points on the armature winding 120 (electrical) 
degrees apart, and lying midway between the tappings to 
the three slip-rings first mentioned. A little consideration 
will show that, under these circumstances and because one 
half of the secondary of each transformer 1$ cross-connected 
relatively to the other half (the two halves differing therefore 
180 degrees іп phase) the two meshes differ half a cycle 
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(180 degrees) from one another, and consequently satisfy the 
six-phase condition. 

While the six-phase connection for rotary converters is 
more complicated and somewhat more expensive than the 
three-phase, yet it will undoubtedly pay to use it; as a 
matter of fact, it is somewhat surprising that the merits of 
this form of connection do not appear to be generally 
recognised, for Steinmetz and Kapp long ago pointed out 
that the output of any given rotary can be increased 40-50 
per cent. by its use—that is to say, for the same mean heat- 
ing of the armature coils, a six-phase rotary has an output 
40—50 per cent. greater than the three-phase rotary, according 
to the value of the power-factor of the alternating-current 
side, As the output of any well-designed rotary converter 
18 determined solely by the permissible temperature rise 
(there being no distortion of the field flux under usual 
working conditions—power-factor approximately unity), 
this increased output is & great practical advantage. Another 
advantage of the six-phase connection with rotary con- 
verters is that the heating of the armature is much more 
uniform—as is well known, in two- and three-phase rotaries, 
those portions of the armature winding on each side of the 
tappings to the slip-rings heat up considerably more than the 
remaining portions of the winding. With a six-phase wind- 
ing, the maximum temperature rise on the winding will 
rarely exceed the minimum by more than 20 per cent. 

It is not probable that the twelve-phase connection will 
take a place in practice, for the gain in still further increase 
of output and uniformity of heating would be more than 
counterbalanced by the increased cost and complication. 

On account of the fact that all rotary converters have 
to be fed from step-down transformers, the switch-gear 
becomes more extensive, for although as a rule not 
necessary, it is good practice to provide switches in the 
secondary circuits of the transformers. There ts, however, 
one case where such switches are absolutely necessary, and 
that is for two-phase rotaries arranged for starting from the 
direct-current side; in this case, unless the transformer 
secondaries are open, they become short-circuited (at the 
moment of starting) upon the armature winding, causing a 
great increase in starting current, and violent sparking at 
the commutator, until the machine is well towards full 
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speed. The heavy current switches in the secondary circuits 
are best mounted upon, or close to the transformers, which 
latter should be close up to the rotaries, in order tu reduce 
to a minimum the pressure drop, losses, and cost, of the 
heavy conductors. 


Before leaving the subject of the transformer connections 
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for three-phase rotary converters, it may be mentioned that a 
case sometimes arises in practice in which a special trans- 
former arrangement is necessary When two or more 
rotaries are not arranged to be fed (for апу special reason) 
from separate groups of transformers on the alternating- 
current side, and they are connected to a three-wire network 
on the direct-current side, then it is necessary to wind each 
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unit forming the group of (two or three) transformers feeding 
the rotaries with a multiple secondary winding, as described 
above, the arrangement being as shown in Fig. 2, illustrating 
the connections for two machines. That is to say, it 15 
impossible to operate a number of rotaries feeding a three- 
wire network from common bus-bars on the alternating- 
current side. Тһе reason is readily apparent from the 
hgure—the slip-ring sides of the machines cannct be directly 
paralleled, owing to the connection already existing on the 
direct-current side—if they were directly joined a disastrous 
short-circuit would naturally result. It may be noted in 
passing that the arrangement of the fuses in the secondary 
circuits of the transformers shown in this figure г (each con- 
ductor coming from a slip-ring is fused twice) is a good one, 
for if one transformer gives out, the service will not be 
interrupted, for the reason already given above. 

There is, however, a certain advantage in using star- 
connected transformers for converters feeding three-wire 
systems, for by the adoption of this form of connection 
better balancing can be attained; the secondary neutral 
points of each group of transformers may be profitably con- 
nected to the middle wire, which latter may or may not be 
earthed. Under these circumstances each rotary would be 
fed from a separate group of transformers. 

The next question arising in. connection with the equip- 
ment of a rotary converter substation is that of pressure 
regulation. It is clear that with motor generator sub- 
stations (whether asynchronous or synchronous), this 
question hardly comes in, for, as already indicated, the 
regulation is performed wholly on direct-current machines 
of standard design, either automatically or by hand, in the 
simplest possible manner. The conditions are, however, 
quite different with. rotary converters, because the pressure 
on either side is practically totally independent of the field 
strength (although not of the field configuration), and con- 
sequently, the direct-current pressure cannot be varied by 
regulation on the fields alone. 

There are two commercial ways of regulating rotary 
converters, each depending upon the same principle, namely, 
that of altering the pressure on the slip-rings in order to get 


! This arrangement of fuses for such a case originated with the General 
Electric Company (О.5.А.). 
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а corresponding alteration on the direct-current side; as 
already pointed out, the ratio of the two pressures is 
practically a constant. The first method consists in varying 
by hand the impressed pressure on the slip-rings, and can 
be employed in two ways—either the impressed pressure 
can be altered by altering the ratio of transformation of the 
step-down transformers, or it can be altered by means of an 
“induction regulator." In the first case, the step-down 
transformers are so arranged in conjunction with a multiple 
contact switch that either the number of secondary turns, or 
the number of primary turns, can be altered by hand, thus 
altering the ratio of transformation ; the transformers 
supplying each rotary have their regulating switches inter- 
locked, so that the turns are cut in or out simultaneously. 
It is obvious that this method has several disadvantages, the 
most serious being those of first cost, and difficulty of 
operation. If the regulation is performed on the primaries, 
the switches become somewhat difficult and expensive to 
construct properly, on account of the high pressure of the 
circuits into which they are connected, while if the regulation 
is performed on the secondary sides, the expense becomes 
even greater, on account of the heavy currents to be handled, 
while the difficulties that arise with the contact surfaces of 
all regulating switches for heavy currents are well known. 
But in addition there is the difficulty of arranging such 
switches to regulate gradually, and to avoid short-circuiting 
the sections of the transformer winding connected to the 
contacts of the regulator, as these sections are being cut out 
or in. Consequently the employment of an induction 
regulator which does not suffer from any of the above- 
mentioned defects, and which has but small losses as a 
rule, will give the best results if hand regulation of the 
rotaries is asked for or desired. 

On account of difficulties connected with insulation, 
induction regulators should be connected into the secondary 
circuits of the step-down transformers. As usually con- 
structed, such regulators consist of an iron core arranged in 
connection with a shunt and series winding in each phase 
in such a manner, that a movement of the core will decrease 
or increase the mutual induction between the two windings. 
Thus if the core is moved inwards, the pressure on the 
converter slip-rings is reduced, on account of the inductive 
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action of the shunt winding on the series winding, while as 
the core is moved outwards, the effect of the shunt coils on 
the series coils becomes less and less, until at the end of the 
travel of the core, the pressure on the slip-rings is practically 
the full pressure of the transformer secondaries. Such an 
apparatus is easy and cheap to construct, and very effective 
in operation, a range of six per cent, up or down, being 
easily attained ; moreover, it can be readily arranged to be 
operated from a distance, and having no contacts or moving 
conductors, is unlikely to get out of order. 

A modification of the induction regulator, first devised, 
the author believes, by Mr. M. B. Field, is shown in Fig. 3; 
it possesses the advantage of being somewhat more effi- 
cient than the induction regulator described above. The 
secondary of each step-down transformer has an extension 
in the form of some extra turns capable of carrying about 
25 per cent. of the full secondary current ; these extra turns 
are connected to a small regulating switch, and to the wind- 
ings of smaller section. of a small auxiliary transformer 
(with ratio say 1:4) as shown. The secondary of the 
auxiliary transformer is in series with the low pressure 
circuit, апа adds ог subtracts a small E.M.F. to this 
circuit as desired. It will be seen that both the voltage 
and current can be very readily handled, without undue 
expense, and, moreover, the supply is not interrupted should 
the regulating switch get out of order. ` 

The second method of varying the impressed pressure 
on the slip rings of the rotary, in order to get the desired 
direct current pressure, is of considerable technical interest. 
Briefly, it consists in compounding the rotaries, and provid- 
ing a certain amount of self-induction between the terminals 
of the transformer secondaries and the slip-rings of the 
machines, if not already existing, by inserting choking coils 
in the various leads. Тһе rotary converters, being syn- 
chronous machines, operate at a power-factor determined 
wholly by the field excitation ; for an alteration of the 
latter with a given load on the machines, increases or de- 
creases the power-factor of the alternating current circuits; 
for each load on the rotary, there is, of course, a certain 
excitation that will make the power-factor a maximum, in 
accordance with the well-known * V" curve. Let now the 
shunt winding on the fields of a rotary converter, arranged 
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with compound winding, and, if necessary, with small 
choking coils, be so adjusted that when operating at no load, 
the machine takes a certain amount of lagging current, say 
30-40 per cent. of the full-load current, partly due to the 
under-excitation, partly due to the reactance in each 
phase. Ав the load comes on, the field flux increases, 
on account of the current in the series winding— 
that is, the lagging current diminishes, апа therefore 
the impressed pressure increases, producing a correspond- 
ing rise in the direct current pressure; this strengthens 
the fields still more (on account of the shunt winding), until 
a balance between the two pressures is attained. At full load, 
the field flux is at its working maximum ; the input current 
will be by this time leading, due to the over-excitation 
having wiped out the lag produced by the reactance, and 
the direct current pressure will be raised to the correct 
value, on account of the increased pressure оп the slip- 
rings. Ву suitable. proportions of the reactance and field 
windings, excellent pressure regulation can be attained in 
this way, in a perfectly automatic manner ; it is perfectly 
easy to arrange for the direct current pressure to be over- 
compounded 10-15 per cent., the actual regulation being 
nearly as good as with an ordinary over-compounded direct 
current machine,’ provided the pressure at the ends of the 
feeders in the substations is maintained as nearly as possible 
constant. The only objection to this method of regulation 
is the influence it has upon the regulation at the feeding 
points—that is, at the high pressure bus-bars in the sub- 
stations, for with а number of the latter in parallel, the 
variation of the power-factor naturally means that the 
attainment of constant pressure at the ends of the feeders 
becomes a difficult matter. 

The extent to which over-compounding of rotaries can 
be carried—by means of the above described method— 
depends mostly upon the rating of the machine with regard 
to the work it has to do. The limit is of course reached 
when the current running into the rotary is made to lead (by 
increasing the exciting current) the impressed pressure by 

1 With a rotary converter of standard design, the change of field flux 
necessary іп order to get the desired amount of over-compounding is much 
greater than, is required with the equivalent direct current machine, for the 


direct current pressure is not proportional to the field flux but proportional to 
the impressed pressure on the slip-rings. 
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906, for then the inductive E.M.F. of the choking coil (which 
is 909 behind the current) is in phase with the impressed 
pressure, and consequently boosts it by that amount ; if the 
current lags behind the impressed pressure by 9oo, the 
inductive E.M.F. of the coil 18 half a cycle behind the 
impressed pressure, and diminishes the latter to a value 
given by subtracting the inductive E.M.F. of the choking 
coil from the impressed pressure. Neither of these limits 
are found in practice, for if the angle or lag or lead exceeds 
certain well-defined values (depending upon the shape of 
the “У” curve—that is, upon the armature reaction of the 
machine), the rotary will naturally not carry its rated load. 
The more liberally rated is the converter, the greater is the 
range of regulation attained; if the amount of over-com- 
pounding required is large (say 15-25 per cent.) the 
rotary must be chosen large for the work it has to do, 
although not in this proportion. 

Compound wound rotary converters are connected and 
paralleled on the direct current sides in precisely the same 
manner as similar direct current machines, equalising 
bus-bars and switches being used, and therefore the same 
precautions have to be taken with them should accumulators 
be used in parallel with the low-pressure feeders. 

From what has been said above, it will readily be seen 
that of the two good methods put forward for regulating the 
pressure on the direct current sides of the machines, that 
best adapted for the requirements of lighting work is given 
by the employment of induction regulators, allowing the 
pressure to be gradually varied by hand in accordance with 
the slowly varying load ; for traction work, the employment 
of compound windings (that is, regulation by lagging and 
leading currents) is preferable on account of the large range 
of regulation required, and the rapid variations of the load. 
In some special cases, however, the combination of the two 
methods will give very good results. 

With regard to the starting of rotary converters, all the 
remarks already made regarding the starting of synchronous 
motor generators are applicable, as the only difference in 
this respect between the two classes of machine is that 
rotary converters are invariably arranged to be self-exciting 
from their direct current sides. Wherever possible then, 
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direct current side, either from the bus-bars, or from an 
auxiliary asynchronous motor generator. As in the other 
case, this latter indirect method of starting is far preferable 
to any other, if no direct current 15 available at the 
switchboard. 

The next best method to this is that given by induction 
motors directly coupled to the shafts of the rotaries, while 
the fourth and last method available (briefly noticed already 
in connection with the starting of synchronous motors) 
simply consists іп switching the machine directly on the 
high-pressure lines. As this method has been put forward 
in connection with several important British schemes, and 
is in use in more than one of them at the present time, 
it may not be out of place to devote a few words in its 
consideration, although іп general the method 15 objection- 
able. 

Any modern synchronous polyphase motor can be 
started up without difficulty from the high-pressure lines, 
no matter how constructed ; that is, whether the held poles 
be solid or laminated, whether provided with damping coils 
or not, &c.—it is only a matter of sufficient starting-current 
and good mechanical design. "This method of starting, as 
used in connection with rotary converter plants, is as 
follows: The direct current main and field-switches are 
opened, only a volt-meter being left across the direct current 
side, and then the line-current is switched on the slip- 
rings, either at full or reduced pressure, this latter being 
arranged for by an alteration іп the number of secondary 
turns on the step-down transformers. Owing partly to the 
eddy currents in the pole pieces, metal cheeks of field- 
bobbins, damping coils (where these are used), but princi- 
pally to the hysteresis lag in the pole pieces, the rotary 
immediately starts, and is very soon up to synchronous 
speed. The volt-meter (already referred to) on the direct 
current side indicates nothing at the moment of starting 
beyond very feeble oscillations of the pointer, for the 
current traversing its coils is of course alternating; but 
as the rotary increases its speed the pointer begins to move 
backwards and forwards over the scale, its movements 
corresponding to the rapidly diminishing frequency of the 
pressure at the direct current terminals ; when synchronous 
speed has been reached the volt-meter pointer will again be 


1901.] POLYPHASE SUBSTATION MACHINERY. 121 


steady, for the current through it 1$ now a direct current. 
The proper time for putting on the field-current is just 
before synchronism is reached, and is indicated by the 
volt-meter ; when the beats of the pointer are slowest, 
that is, just below synchronous speed, when the pointer 
is moving slowly from side to side over the scale, the 
held-current can be put in. But it may be noted here 
that it makes all the difference at which side of the scale 
the pointer is when the field-circuit is closed ; one side 
is right and the other wrong, depending upon individual 
circumstances. Ш the fields have been put on when the 
pointer is at the wrong side of the scale, then the polarity 
of the direct current side of the converter will be reversed ; 
with most machines this means that the rotary must be 
switched out and synchronised again in order to get 
synchronism at the right pole. In order to make quite 
sure that the machine has synchronised at the right pole, 
Ц is good practice to provide a pole indicator on each 
direct current panel, so that after the excitation has been 
put on, the polarity of the direct current side can be 
checked before the rotary is connected to the direct current 
bus-bars. Needless to say, a lamp can be substituted for 
the volt-meter mentioned above across the direct current 
terminals—it will be bright at the first moments of starting, 
and also when the neighbourhood of synchronous speed 
is reached, while between these limits the light will pulsate, 
and the excitation. should be put on when the light is 
pulsating slowly, the lamp being either bright or dark, 
according to circumstances. 

It will be readily understood that the above remarks 
regarding the right time to put on the excitation in order 
to get the right polarity are only applicable to the case 
of self-exciting machines ; if the machines are bus excited, 
which is very seldom, the converter will pull itself round 
under protest to the correct polarity with a great rush of 
current, no matter at which pole the machine has syn- 
chronised. А point worthy of note is that even without 
the exciting current the rotary will come up to absolute 
synchronous speed, for there is no induction motor action 
with the rotary converter or synchronous motor. А rotary 
converter can operate without field excitation, by reason 
of the heavy lagging currents that would run through its 
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armature windings under these circumstances ; these watt- 
less currents magnetise the fields to the extent necessary 
to produce the balancing back E.M.F. of the armature. 
However, such a method of operation cannot be com- 
mercial, for the machines would not carry their rated load ; 
the heavy lagging currents would overload the mains and 
destroy the pressure regulation of both sides of the system, 
and the rotaries would spark and hunt. Up to the present, 
the author has not made any tests on the operation of large 
rotaries without field. excitation, for there is generally little 
lime for such experiments when putting down plant, and, 
moreover, they may turn out to be somewhat costly ; it 
Is an interesting question, however, and it would be of 
value to know from those who have actually made tests 
on large units under commercial conditions whether the 
objections given above are as real as they appear to be. 
Perhaps with machines having high armature reaction 
(small air-gaps, &c.) the full load could be carried without 
the machine stopping, but its performance under these 
circumstances could hardly be otherwise than poor, quite 
apart from the bad effect produced on the system ; more- 
over, rotaries with. considerable armature reaction. have a 
greater tendency to hunt than those with very stiff fields. 

When starting a converter in the manner above de- 
scribed, it is necessary to take certain precautions until 
synchronism is attained ; the series field-windings must be 
open as well as the shunt, and these latter windings must 
be opened in five or six places. Otherwise they would 
break down, due to the large E.M.F. (many thousand volts) 
induced іп them by the alternating flux of the armature. 
Also, as the starting current will never be less than twice 
the full-load current, even if damping-coils are used, and 
will frequently be of the order of three or four times the 
full-load current, it 1$ necessary to make arrangements 
for short-circuiting the amperemeters and fuses, otherwise 
they would be damaged by the overload. 

The great objections to the above described method 
of starting are of course the large starting-current required, 
and the risk of getting the wrong polarity ; the former will 
wholly upset the pressure regulation of the system, partly 
on account of its magnitude, but principally because of 
its low power-factor, while the latter might cause an 
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accident, and іп any case would cause time to be lost 
when adding a machine to the circuit. For lighting work 


the employment of this method is absolutely out of thc 
question. 


II.—SOME FEATURES OF WORKING. 


With regard to asynchronous motor generator sub- 
stations there is practically nothing to be said, on account 
of the simple character of the equipment and its operation. 
Two points must be kept in mind however—the sets must 
be run as fully loaded as possible, and the motor air-gaps 
must be watched. Ав the power-factor of the motors will 
be less than 9o per cent. below three-quarter load, running 
the machines well loaded becomes even of greater impor- 
tance than with other classes of electrical machinery, in 
order to avoid heavy, lagging currents in the feeders. As 
a matter of fact, it is a good thing to overload such motor- 
generators (in moderation) before adding a machine to the 
bus-bars, for then a high power-factor over a wide range 
.of load is assured ; the risk is very small, on account of the 
rapidity with which another set can be started up and put on 
the circuit. The other point just mentioned—relative to the 
air-gaps—is of some importance on account of the small 
clearance in the motors. As with all induction motors, 
the air-gap length is determined wholly by mechanical 
considerations, being made as small as possible in order 
to get high power-factors, it becomes necessary to check 
it from time to time, in order to make sure that the gap 
at the bottom has not decreased to a dangerous extent. 
With large induction motors the gap (iron to iron) will 
be originally about 41, of the rotor diameter—a 200 В.Н.Р. 
motor would thus have a clearance of o'1 inch with a rotor 
diameter of 23 feet, so it will be seen that no considerable 
diminution of this length can be allowed on account of the 
magnetic pull, even assuming exceptionally stiff shafts. 
The stator case of such motors should never be cast with 
the bed-plate, for if it is separate a thickness or two of 
metal foil can be inserted between the feet of the case 
and the bed-plate seatings, by removing which the gap at 
the bottom can be increased when the brasses have worn 
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embodying a distinct class of equipment, as set out more 
particularly below ; the size of the units in the substations 
will vary in general between 300 and т,ооо kilowatts 
individual output. 

(a) Asynchronous Motor-generator Equipment. 

This type of substation equipment consists in the 
employment of a number of polyphase induction motors 
driving an equivalent number of direct-current generators ; 
the motor-generator units will be of such a size that the 
high-pressure current can be led directly into the motors, 
and consequently the equipment and operation of the sub- 
station. will be of the simplest possible character. Хо 
starting gear has to be provided beyond a simple rotor 
resistance for each motor, there is no synchronising to be 
done, and the regulation on the direct-current side is made 
on the fields of the generators, either by hand or by com- 
pound windings in the usual way. 


The author does not know of a single case in which polyphase 
motors of large size (either synchronous or asynchronous) are operated 
with transformed current. The construction of such motors lends 
itself so well to high insulation of the stator that motors as small as 
150 H.P. can be perfectly satisfactorily (and cheaply) built for pressures 
of 5,000-6,000 volts. With the large units required for substation work, 
it does not pay from either the technical or commercial point of view 
to employ step-down transformers—at any rate up to 10,000 volts. И 
the motors are less than about 500 Н.Р. individual output, and the 
pressure greater than this figure, it may pay to employ transformers, 
because the amount of slot insulation required will probably be found 
to be excessive, necessitating the employment of motors of large 
dimensions compared with their output. 

The trouble with high-pressure working without transformers in the 
substations is as a rule in the switch-gear for the motors, but great 
improvements have been made in this during recent years, and at the 
present time there is very little to fear in this respect. 


With the high-pressure current led directly into the 
motors, the best arrangement for the substation will usually 
consist in employing starting switch-pillars for the motors, 
these standing close against them, the direct-current board 
being away against a wall. The rotor resistance and stator 
starting switch would be interlocked, and thus, as each 
switch-pillar is self-contained, the starting up of each set is 
performed by one movement of a hand-wheel, this taking 
the place of the engine stop-valve in a steam plant. The 
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employment of a starting switch-pillar adjacent to the motor 
possesses the great advantage of reducing the length of the 
heavy rotor cables to a minimum (an important point), 
while security of working is assisted by interlocking the 
starting gear. 

Of course, if the motors are provided with permanently 
short-circuited rotors, an auto-transformer device in the 
stator takes the place of the rotor resistance ; this feature of 
construction and method of working is not advisable how- 
ever, being, for work of the character in question, far 
inferior to that referred to above. It should be borne in 
mind, in this connection, that it is standard practice nowa- 
days to build all induction motors of large size (having 
wound-rotors and slip-rings), with an arrangement for 
short circuiting the rings and lifting up the brushes after 
once the motor has attained full speed, thus limiting wear 
(and loss) on the rings to the period of starting up—3o 
seconds as a usual maximum figure. 

If direct current is available at the substation, being 
derived from a motor generator already running, or from 
another substation, it is perfectly possible to start up the 
sets as they are wanted, from the direct-current side. Under 
certain circumstances, this method of operation will give 
good results, but in general it is not so convenient as that 
first described, and consequently rarely used. In any case it 
is necessary for one or more units in the substation to be 
provided with rotor resistances or equivalent devices, so 
that they may be started from the alternating-current side 
whenever this may be necessary. 

For feeding three-wire systems, each motor would drive 
two direct-current machines each of half its output, one at 
each end of the shaft, the two machines being їп series ; 
or the motor would drive a single generator of the same 
capacity, feeding the outers, auxiliary devices being used in 
the usual way for balancing the load. 

(b) Synchronous Motor-generator Equipment. 

With this equipment, synchronous polyphase motors 
operated at the line pressure take the place of the induction 
motors referred to above; conforming with standard 
practice, the synchronous motors would be of the revolving 

field type, the exciting current being led into the field 
system by means of slip-rings and brushes. А substation 
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with such an equipment will also be of a very simple 
character, but not quite so simple as the foregoing ; this is on 
account of the necessity for synchronising the motors before 
switching them in, because the starting arrangements are 
more elaborate, and also because the synchronous motors 
are not self-exciting. The excitation of the motors would 
usually be effected from direct-coupled exciters, or from 
separate (induction) motor-driven exciting sets fed by step- 
down transformers, or from the bus-bars ; frequently the 
latter method, in conjunction with either of the former 
methods, will prove to be the most convenient. The 
performance of synchronous motors depends so much 
upon the field adjustment (see later remarks), that a well- 
designed field regulator for each motor is a necessity. 

The starting of the motor generator sets may be effected 
in several ways. Ву far the best way from every point of 
view 15 to start them from the direct-current side, the direct 
current being derived from the bus-bars, if other machines 
(or substations) are running, or from a small auxiliary direct- 
current generator driven by a low-pressure induction motor, 
if no direct current is available at the switchboard. Of 
course, as soon as the first machine 1s running, all the others 
can be started from it, but it must be remembered that it is 
always necessary to provide means for starting up any motor 
generator in the substation, from the alternating-current 
side, either directly or indirectly. One of the best possible 
adaptations of the above arrangement is to provide an 
auxiliary (asynchronous) motor generator which can be 
used for exciting and starting the main units when required ; 
this auxiliary set would be shut down as soon as one or 
more of the main units is in operation, direct current thus 
being available at the bus-bars. If the low-pressure network 
is arranged to be partly fed, or balanced, by accumulators, 
the starting and exciting would naturally be effected initially 
from these, and the whole arrangement becomes one of 
great simplicity ; this 15, however, not the general case. 

The operation of switching in a synchronous motor 
generator started in this way is of course very simple. The 
set being brought up to approximately synchronous speed 
and excited to the right value, the correct speed (as indi- 
cated by the synchronising lamps) is attained. by regulating 
the fields of the direct-current machine now running as a 
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shunt-motor with all main resistance out. At the right 
moment, the main high-pressure switch is closed, and after 
this the direct-current main resistance perhapsshort-circuited. 
Finally, the fields of both motor and generator are adjusted, 
the latter in order to take up the load, and the former in 
order to regulate the idle current of the synchronous motor. 

Assuming that no direct current is available, Ше next 
best method of starting up the motor generator sets, together 
with their direct-coupled exciters, is by means of starting 
motors. On a bracket at that side of the motor generator 
remote from the exciter, an induction motor is placed, the 
rotor being mounted directly upon the extended shaft; this 
motor would be fed from a step-down transformer and 
would have a capacity of about ro per cent. of the full load 
output of the main unit. The number of poles on the 
starting motor would be fewer than the number of field 
poles on the synchronous motor, being such that it can 
bring up the set to a speed somewhat higher than that 
corresponding to synchronism, in spite of the load on it due 
to the iron losses and excitation of the main unit, and the 
friction and ventilation losses of the combination. More- 
over, the starting torque of this auxiliary motor must be 
high, it being preferably attained by the employment of a 
non-inductive rotor resistance ; this latter is also of value 
when synchronising, although not absolutely necessary. 

To start up then, all that has to be done is, firstly, to 
speed up the combination by switching in the starting motor, 
and cutting out the rotor resistance until the combination 1$ 
at maximum speed : secondly, close the field circuit of the 
synchronous motor, and regulate the exciting current to get 
the correct pressure; thirdly, reduce the speed. by slowly 
adjusting the rotor resistance, until the synchronising lamps 
indicate exact synchronism ; then switch the synchronous 
motor on the line, and afterwards cut out the starting motor 
and adjust both field systems as before. 

lf the starting motor is constructed with a permanently 
short-circuited rotor (conforming to American practice), the 
rotor windings being of comparatively high resistance and 
the stator fields very strong (in order to get the necessary 
starting torque), then the third operation above will consist 
in switching out the starting motor altogether, as soon as 
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the correct value of field current has been attained. Тһе 
speed of the combination will of course immediately drop, 
and the main switches must be closed as the speed passes 
synchronism, as shown by the pulsations on the lamps. 
Naturally, the operation of putting the motor on the line 
cannot be so well done under these circumstances, and 
hence, as stated above, if a starting motor has to be used at 
all, it is better to use a rotor resistance in conjunction with 
Ц. It may be mentioned, however, in this connection, that 
if the generating sets in the power-station and the synchron- 
ous motors in the substation are well designed, and 
particularly if the latter machines are fitted with damping 
coils, the synchronous motors will pull themselves into step 
without doing any harm, if they are switched in at approxi- 
mately synchronous speed, and consequently careful adjust- 
ment may be omitted, іп cases of necessity. But careful 
adjustment is always advisable, particularly if the motor is 
thrown in parallel with а number of machines already 
running, or if the power-station is lightly loaded, for the 
efforts made by the incoming machine to pull itself. into 
exact synchronism may start the other motors hunting. 

The third method of starting up a synchronous combina- 
tion is referred to more particularly below, їп connection 
with rotary converters ; it consists in starting up from the 
alternating-current side by opening the field circuit of the 
synchronous motor, and then connecting the armature 
directly ог indirectly to the line. The necessary torque 15 
produced by the hysteresis drag, helped by eddy currents 
circulating in Фе pole-pieces ог damping-coils, and is con- 
sequently small ; the method has nothing to recommend it, 
although frequently used, and, moreover, a little considera- 
tion will show that its employment implies a motor of low 
efficiency at full load, as otherwise the above-mentioned 
losses іп conjunction with the armature currents would not 
be great enough to get the necessary torque. 

Apart from the question of power-factor, the running 
performance of synchronous motor generators is very similar 
to that of asynchronous machines, and, moreover, under 
proper conditions of supply, they are equally reliable. 

(c) Rotary Converter Equipment. 

Substations equipped with rotary converters are of a 
far more complicated character than either of the types 
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previously discussed, due to the special character of the 
machines and regulating devices. Although the rotary con- 
verter possesses similar characteristics to those of the 
synchronous motor, and also to those of the direct-current 
machine, yet it possesses in addition a number of special 
features having a large influence on its performance, the 
result being that even when such machines are working 
under the very best conditions, they cannot compare, with 
regard to simplicity of operation, with either asynchronous 
or synchronous motor generators. 

“Тһе first point to be noted in connection with the equip- 
ment of a rotary converter substation is that the rotaries 
require to be operated at low pressure. Тһе pressure 
between any two slip-rings, whatever the nature of the 
armature winding, is always a definite percentage of that on 
the direct-current side with a given pole-width, being about 
61 per cent. for three-phase and about 71 per cent. for two- 
phase rotaries,'—consequently step-down transformers have 
always to be inserted between the slip-rings of the con- 
verters and the high-pressure feeders. For the large capacity 
units under consideration, separate transformers are always 
used for each phase of the transmission line; but it may be 
noted here that, for small three-phase or six-phase rotaries 
(up to about roo kilowatts capacity) it is always preferable 
to use three-phase transformers for the purpose, for, owing to 
their common magnetic circuit, possible pressure variation 
between the phases of the three-phase tfansmission becomes 
reduced in amount, as such transformers form excellent 
balancers. 

In two-phase work, there will be two transformers per 
rotary ; in three-phase or six-phase work of the character 
under consideration, there will be three. The manner in 
which these transformers are connected up in the two latter 
cases is Of importance, and therefore a brief reference may 
be made to it here. Considering first the three-phase case, 
it may be stated at once that as a rule, the best arrangement 
of the three transformers will be to connect them up in a 
"mesh," on both high- and low-pressure sides. This is 
principally because in the event of one transformer develop- 


: These are the no-load values—when the machine is loaded, they аге 
naturally departed from to a small extent, on account of the armature drop. 
Moreover, И the impressed pressure-wave is not sinusoidal, the values given 
will be departed from. 
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ing а fault and blowing its fuse, the supply need not be 
interrupted for a moment, for the remaining two will con- 
tinue to supply a three-phase current to all three phases of 
the rotary ; the reactions in the latter tend to keep the 
arrangement symmetrical, and the phases equally balanced. 
Under these circumstances the rotary can be kept fully 
loaded over the period of emergency, if not too long— 
naturally the increase of heating in the two transformers 
doing all the work must be carefully watched. И the trans- 
mers had been “star” connected, single-phase current 
would be delivered under the same circumstances, and the 
rotary would have to be immediately cut out on account of 
the heavy sparking that would occur at the commutator ; 
even supposing sparking to be absent, the machine would 
not be able to carry anything like its full load over the 
period of emergency, and moreover the system would be 
thrown greatly out of balance. Another advantage (of 
secondary importance) with mesh-connected transformers 
is that the secondaries are cheaper to wind, because the area 
of the copper in the winding is 58 per cent. of the copper 
area for the corresponding “star "-connected transformer. 

One advantage of the star connection lies in the fact that 
the space taken up by the primary winding of each trans- 
former 1s somewhat less in comparison, because the pressure 
across each transformer is only 58 per cent. of the full line 
pressure, and hence winding space is saved, on account of 
the reduction in the insulation. "This is, of course, an 
advantage, especially when dealing with pressures of the 
order of 10,000 volts, but, in the author's opinion, it 1$ one 
not to be compared with the safeguard against total break- 
down afforded by the mesh connection. 

Exactly the same arguments apply to the six-phase case, 
in which the secondaries of the transformers are arranged 
with either a double mesh or a double star connection, but : 
preferably the former, as indicated diagrammatically in Fig. г. 

It will be seen that this connection makes use of two 
distinct mesh connections, one superposed upon the other, 
the two meshes being in electrical connection through the 
armature windings of the converter. It is obtained from 
three single-phase transformers, similar in all respects, each 
being wound with two equal secondary windings. 

The three secondary windings a, b, c, are mesh connected, 
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and led to three slip-rings in connection with the armature 
winding of the rotary at points 120 (electrical) degrees apart, 
while the three secondaries d, e, and f, are also mesh con- 
nected, but in the opposite direction ; the three conductors 
from the points of this mesh are taken to the remaining 
three slip-rings on the shaft of the rotary, which are in con- 
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Fic. 1.—Six-Phase Mesh Connection for Rotary Converters. 


nection with points on the armature winding 120 (electrical) 
degrees apart, and lying midway between the tappings to 
the three slip-rings first mentioned. A little consideration 
will show that, under these circumstances and because one 
half of the secondary of each transformer is cross-connected 
relatively to the other half (the two halves differing therefore 
180 degrees in phase) the two meshes differ half a cycle 
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(180 degrees) from one another, and consequently satisfy the 
six-phase condition. 

While the six-phase connection for rotary converters is 
more complicated and somewhat more expensive than the 
three-phase, yet it will undoubtedly pay to use it; as a 
matter of fact, it i5 somewhat surprising that the merits of 
this form of connection do not appear to be generally 
recognised, for Steinmetz апа Kapp long ago pointed out 
that the output of any given rotary сап be increased 40-50 
рег cent. by its use—that is to say, for the same mean heat- 
ing of the armature coils, a six-phase rotary has ап output 
40-50 per cent. greater than the three-phase rotary, according 
to the value of the power-factor of the alternating-current 
side. Аз the output of any well-designed rotary converter 
is determined solely by the permissible temperature rise 
(there being no distortion of the field flux under usual 
working conditions—power-factor approximately unity), 
this increased output is & great practical advantage. Another 
advantage of the six-phase connection with rotary con- 
verters 15 that the heating of the armature is much more 
uniform—as is well known, in two- and three-phase rotaries, 
those portious of the armature winding on each side of the 
tappings to theslip-rings heat up considerably more than the 
remaining portions of the winding. With a six-phase wind- 
115, the maximum temperature rise on the winding will 
rarely exceed the minimum by more than 20 per cent. 

It is not probable that the twelve-phase connection will 
take a place іп practice, for the gain in still further increase 
of output and uniformity of heating would be more than 
counterbalanced by the increased cost and complication. 

On account of the fact that all rotary converters have 
to be fed from step-down transformers, the switch-gear 
becomes more extensive, for although as a rule not 
necessary, it 15 good practice to provide switches in the 
secondary circuits of the transformers. There is, however, 
one case where such switches are absolutely necessary, and 
that 15 for two-phase rotaries arranged for starting from the 
direct-current side; in this case, unless the transformer 
secondaries are open, they become short-circuited (at the 
moment of starting) upon the armature winding, causing a 
great increase in starting current, and violent sparking at 
the commutator, until the machine is well towards full 
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speed. The heavy current switches in the secondary circuits 
are best mounted upon, or close to the transformers, which 
latter should be close up to the rotaries, in order to reduce 
to a minimum the pressure drop, losses, and cost, of the 
heavy conductors. 


Before leaving the subject of the transformer connections 
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for three-phase rotary converters, it may be mentioned that a 
case sometimes arises in practice in which a special trans- 
former arrangement is necessary. When two or more 
rotaries are not arranged to be fed (for any special reason) 
from separate groups of transformers on the alternating- 
current side, and they are connected to a three-wire network 
on the direct-current side, then it is necessary to wind each 
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(180 degrees) from one another, and consequently satisfy the 
six-phase condition. 

While the six-phase connection for rotary converters ts 
more complicated and somewhat more expensive than the 
three-phase, yet it will undoubtedly pay to use it; as a 
matter of fact, it is somewhat surprising that the merits of 
this form of connection do not appear to be generally 
recognised, for Steinmetz and Kapp long ago pointed out 
that the output of any given rotary can be increased 40-50 
per cent. by its use—that is to say, for the same mean heat- 
ing of the armature coils, a six-phase rotary has an output 
40-50 per cent. greater than the three-phase rotary, according 
to the value of the power-factor of the alternating-current 
side. As the output of any well-designed rotary converter 
is determined solely by the permissible temperature rise 
(there being no distortion of the field flux under usual 
working conditions—power-factor approximately unity), 
this increased output is & great practical advantage. Another 
advantage of the six-phase connection with rotary con- 
verters is that the heating of the armature is much more 
uniform—as is well known, in two- and three-phase rotaries, 
those portions of the armature winding on each side of the 
tappings to the slip-rings heat up considerably more than the 
remaining portions of the winding. With a six-phase wind- 
ing, the maximum temperature rise on the winding will 
rarely exceed the minimum by more than 20 per cent. 

It is not probable that the twelve-phase connection will 
take a place in practice, for the gain in still further increase 
of output and uniformity of heating would be more than 
counterbalanced by the increased cost and complication. 

On account of the fact that all rotary converters have 
to be fed from step-down transformers, the switch-gear 
becomes more extensive, for although as а rule not 
necessary, it is good practice to provide switches іп the 
secondary circuits of the transformers. There 15, however, 
one case where such switches are absolutely necessary, and 
that is for two-phase rotaries arranged for starting from the 
direct-current side; in this case, unless the transformer 
secondaries are open, they become short-circuited (at the 
moment of starting) upon the armature winding, causing a 
great increase in starting current, and violent sparking at 
the commutator, until the machine is well towards full 


1901.) POLYPHASE SUBSTATION MACHINERY 713 


speed. The heavy current switches in the secondary circuits 
are best mounted upon, or close to the transformers, which 
latter should be close up to the rotaries, in order to reduce 
to a minimum the pressure drop, losses, and cost, of the 
һеауу conductors. 


Before leaving the subject of the transformer connections 
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for three-phase rotary converters, it may be mentioned that a 
case sometimes arises in practice in which a special trans- 
former arrangement is necessary When two or more 
rotaries are not arranged to be fed (for any special reason) 
from separate groups of transformers on the alternating- 
current side, and they are connected to a three-wire network 
on the direct-current side, then it is necessary to wind each 
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unit forming the group of (two or three) transformers feeding 
the rotaries with а multiple secondary winding, as described 
above, the arrangement being as shown in Fig. 2, illustrating 
the connections for two machines. "That is to say, it is 
impossible to operate a number of rotaries feeding a three- 
wire network from common bus-bars on the alternating- 
current side. Тһе reason is readilv apparent from the 
hgure—the slip-ring sides of the machines cannet be directly 
paralleled, owing to the connection already existing on the 
direct-current side—if they were directly joined a disastrous 
short-circuit would naturally result. It may be noted in 
passing that the arrangement of the fuses in the secondary 
circuits of the transformers shown in this figure т (each con- 
ductor coming from a slip-ring is fused twice) is a good one, 
for if one transformer gives out, the service will not be 
interrupted, for the reason already given above. 

There is, however, a certain advantage in using star- 
connected transformers for converters feeding three-wire 
systems, for by the adoption of this form of connection 
better balancing can be attained; the secondary neutral 
points of each group of transformers may be profitably con- 
nected to the middle wire, which latter may or may not be 
earthed. Under these circumstances each rotary would be 
fed from a separate group of transformers. 

The next question arising in connection with the equip- 
ment of a rotary converter substation is that of pressure 
regulation. It 15 clear that with motor generator sub- 
stations. (whether asynchronous or synchronous), this 
question hardly comes in, for, as already indicated, the 
regulation is performed wholly on direct-current machines 
of standard design, either automatically ог by hand, in the 
simplest possible manner. Тһе conditions are, however, 
quite different with. rotary converters, because the pressure 
on either. side is. practically totally independent of the field 
strength (although not of the field configuration), and con- 
sequently, the direct-current pressure cannot be varied by 
regulation on the fields alone. 

There are two commercial ways of regulating rotary 
converters, each depending upon the same principle, namely, 
that of altering the pressure on the slip-rings in order to get 


1 This arrangement of fuses for such a case originated with the General 
Electric Company (О.5.А.). 
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а corresponding alteration on the direct-current side ; as 
already pointed out, the ratio of the two pressures is 
practically a constant. Тһе first method consists in varying 
by hand the impressed pressure on the slip-rings, and can 
be employed in two ways—either the impressed pressure 
can be altered by altering the ratio of transformation of the 
step-down transformers, or it can be altered by means of an 
"induction regulator. In the first case, the step-down 
transformers are so arranged in conjunction with a multiple 
contact switch that either the number of secondary turns, or 
the number of primary turns, can be altered by hand, thus 
altering the ratio of transformation ; the transformers 
supplying each rotary have their regulating switches inter- 
locked, so that the turns are cut in or out simultaneously. 
It is obvious that this method has several disadvantages, the 
most serious being those of first cost, and difficulty of 
operation. И the regulation is performed on the primaries, 
the switches become somewhat difficult and expensive to 
construct properly, on account of the high pressure of the 
circuits into which they are connected, while if the regulation 
Is performed on the secondary sides, the expense becomes 
even greater, on account of the heavy currents to be handled, 
while the difficulties that arise with the contact surfaces of 
all regulating switches for heavy currents are well known. 
But in addition there 15 the difficulty of arranging such 
switches to regulate gradually, and to avoid short-circuiting 
the sections of the transformer winding connected to the 
- contacts of the regulator, as these sections are being cut out 
or in. Consequently the employment of an induction 
regulator which does not suffer from any of the above- 
mentioned defects, and which has but small losses as a 
rue, will give the best results if hand regulation of the 
rotaries 1s asked for or desired. 

On account of difficulties connected with insulation, 
induction regulators should be connected into the secondary 
circuits of the step-down transformers. Ав usually con- 
structed, such regulators consist of an iron core arranged іп 
connection with a shunt and series winding in each phase 
in such a manner, that a movement of the core will decrease 
or increase the mutual induction between the two windings. 
Thus if the core is moved inwards, the pressure on the 
converter slip-rings is reduced, on account of the inductive 
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action of the shunt winding on the series winding, while as 
the core is moved outwards, the effect of the shunt coils on 
the series coils becomes less and less, until at the end of the 
travel of the core, the pressure on the slip-rings is practically 
the full pressure of the transformer secondaries. Such an 
apparatus is easy and cheap to construct, and very effective 
in operation, a range of six per cent., up or down, being 
easily attained ; moreover, it сап be readily arranged to be 
operated from a distance, and having no contacts or moving 
conductors, is unlikely to get out of order. 

А modification of the induction regulator, first devised, 
the author believes, by Mr. M. B. Field, is shown in Fig. 3 ; 
it possesses the advantage of being somewhat more efh- 
cient than. the induction regulator described above. The 
secondary of each step-down transformer has an extension 
in the form of some extra turns capable of carrying about 
25 per cent. of the full secondary current ; these extra turns 
are connected to a small regulating switch, and to the wind- 
ings of smaller section of a small auxiliary transformer 
(with ratio say 1:4) as shown. The secondary of the 
auxiliary transformer is in series with the low pressure 
circuit, and adds or subtracts a small E.M.F. {о this 
circuit as desired. It will be seen that both the voltage 
and current can be very readily handled, without undue 
expense, and, moreover, the supply is not interrupted should 
the regulating switch get out of order. : 

The second method of varying the impressed pressure 
on the slip rings of the rotary, in order to get the desired 
direct current pressure, is of considerable technical interest. 
Briefly, it consists in compounding the rotaries, and provid- 
ing a certain amount of self-induction between the terminals 
of the transformer secondaries and the slip-rings of the 
machines, if not already existing, by inserting choking coils 
in the various leads. Тһе rotary converters, being syn- 
chronous machines, operate at a power-factor determined 
wholly by the field excitation ; for an alteration of the 
latter with a given load on the machines, increases or de- 
creases the power-factor of the alternating current circuits ; 
for each load on the rotary, there is, of course, a certain 
excitation that will make the power-factor a maximum, in 
accordance with the well-known “ V" curve. Let now the 
shunt winding on the fields of а rotary converter, arranged 
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with compound winding, and, if necessary, with small 
choking coils, be so adjusted that when operating at no load, 
the machine takes a certain amount of lagging current, say 
30-40 per cent. of the full-load current, partly due to the 
under-excitation, partly due to the reactance in each 
phase. Ав the load comes on, the field flux increases, 
on account of the current in the series winding— 
that is, the lagging current diminishes, and therefore 
the impressed pressure increases, producing a correspond- 
ing rise in. the direct current pressure; this strengthens 
the fields still more (on account of the shunt winding), until 
a balance between the two pressures is attained. At full load, 
the field flux is at its working maximum ; the input current 
will be by this time leading, due to the over-excitation 
having wiped out the lag produced by the reactance, and 
the direct current pressure will be raised to the correct 
value, on account of the increased pressure on the slip- 
rings. By suitable. proportions of the reactance and field 
windings, excellent pressure regulation can be attained in 
this way, in a perfectly automatic manner ; it is perfectly 
easy to arrange for the direct current pressure to be over- 
compounded 1o-15 per cent., the actual regulation being 
nearly as good as with an ordinary over-compounded direct 
current machine,’ provided the pressure at the ends of the 
feeders in the substations is maintained as nearly as possible 
constant. The only objection to this method of regulation 
is the influence it has upon the regulation at the feeding 
points—that is, at the high pressure bus-bars in the sub- 
stations, for with a number of the latter in parallel, the 
variation of the power-factor naturally means that the 
attainment of constant pressure at the ends of the feeders 
becomes a difficult matter. 

The extent to which over-compounding of rotaries can 
be carried—by means of the above described method— 
depends mostly upon the rating of the machine with regard 
to the work it has to do. "The limit is of course reached 
when the current running into the rotary is made to lead (by 
increasing the exciting current) the impressed pressure by 

1 With a rotary converter of standard design, the change of field flux 
necessary іп order to get the desired amount of over-compounding is much 
greater than, is required with the equivalent direct current machine, for the 


direct current pressure is not proportional to the field flux but proportional to 
{һе impressed pressure on thc slip-rings. 
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909, for then the inductive E.M.F. of the choking coil (which 
Is 909 behind the current) is in phase with the impressed 
pressure, and consequently boosts it by that amount ; if the 
current lags behind the impressed pressure by 90°, the 
inductive E.M.F. of the coil is half a cycle behind the 
impressed pressure, and diminishes the latter to а value 
given by subtracting the inductive E.M.F. of the choking 
coil from the impressed pressure. Neither of these limits 
are found in practice, for if the angle or lag or lead exceeds 
certain well-defined values (depending upon the shape of 
the “У” curve—that is, upon the armature reaction of the 
machine), the rotary will naturally not carry its rated load. 
The more liberally rated is the converter, the greater is the 
range of regulation attained; if the amount of over-com- 
pounding required is large (say 15-25 per cent.), the 
rotary must be chosen large for the work it has to do, 
although not in this proportion. 

Compound wound rotary converters are connected and 
paralleled оп the direct current sides in precisely the same 
manner as similar direct current machines, equalising 
bus-bars and switches being used, and therefore the same 
precautions have to be taken with them should accumulators 
be used in parallel with the low-pressure feeders. 

From what has been said above, it will readily be seen 
that of the two good methods put forward for regulating the 
pressure on the direct current sides of the machines, that 
best adapted for the requirements of lighting work is given 
by the employment of induction regulators, allowing the 
pressure to be gradually varied by hand in accordance with 
the slowly varying load ; for traction work, the enployment 
of compound windings (that is, regulation by lagging and 
leading currents) is preferable on account of the large range 
of regulation required, and the rapid variations of the load. 
In some special cases, however, the combination of the two 
methods will give very good results. 

With regard to the starting of rotary converters, all the 
remarks already made regarding the starting of synchronous 
motor generators are applicable, as the only difference in 
this respect between the two classes of machine is that 
rotary converters are invariably arranged to be self-exciting 
from their direct current sides. Wherever possible then, 


such machines should be arranged to be started from the 
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direct current side, either from the bus-bars, or from an 
auxiliary asynchronous motor generator. As in the other 
case, this latter indirect method of starting is far preferable 
to any other, if no direct current is available at the 
switchboard. 

The next best method to this is that given by induction 
motors directly coupled to the shafts of the rotaries, while 
the fourth and last method available (briefly noticed already 
in connection with the starting of synchronous motors) 
simply consists іп switching the machine directly on the 
high-pressure lines. As this method has been put forward 
in connection with several important British schemes, and 
is in use in more than one of them at the present time, 
it may not be out of place to devote a few words in its 
consideration, although in general the method is objection- 
able. 

Any modern synchronous polyphase motor can be 
started up without difficulty from the high-pressure lines, 
no matter how constructed ; that is, whether the field poles 
be solid or laminated, whether provided with damping coils 
or not, &c.—it is only a matter of sufficient starting-current 
and good mechanical design. This method of starting, as 
used in connection with rotary converter plants, is аз 
follows: The direct current main апа field-switches are 
opened, only a volt-meter being left across the direct current 
side, and then the line-current is switched on the slip- 
rings, either at full or reduced pressure, this latter being 
arranged for by an alteration in the number of secondary 
turns on the step-down transformers. Owing partly to the 
eddy currents in the pole pieces, metal cheeks of field- 
bobbins, damping coils (where these are used), but princi- 
pally to the hysteresis lag in the pole pieces, the rotary 
immediately starts, and is very soon up to synchronous 
speed. The volt-meter (already referred to) on the direct 


current side indicates nothing at the moment of starting 


beyond very feeble oscillations of the pointer, for the 
current traversing its coils is of course alternating; but 
as the rotary increases its speed the pointer begins to move 
backwards and forwards over the scale, (8 movements 
corresponding to the rapidly diminishing frequency of the 
pressure at the direct current terminals ; when synchronous 
speed has been reached the volt-meter pointer will again be 
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steady, for the current through it is now a direct current. 
The proper time for putting on the field-current is just 
before synchronism is reached, and is indicated by the 
volt-meter ; when the beats of the pointer are slowest, 
that is, just below synchronous speed, when the pointer 
is moving slowly from side to side over the scale, the 
held-current can be -put in. But it may be noted here 
that it makes all the difference at which side of the scale 
the pointer is when the freld-circuit is closed ; one side 
is right and the other wrong, depending upon individual 
circumstances. If the fields have been put on when the 
pointer is at the wrong side of the scale, then the polarity 
of the direct current side of the converter will be reversed ; 
with most machines this means that the rotary must be 
switched out and synchronised again in order to get 
synchronism at the right pole. In order to make quite 
sure that the machine has synchronised at the right pole, 
it is good practice to provide a pole indicator on each 
direct current panel, so that after the excitation has been 
put on, the polarity of the direct current side can Бе 
checked before the rotary is connected to the direct current 
bus-bars. Needless to say, a lamp can be substituted for 
the volt-meter mentioned above across the direct current 
terminals—it will be bright at the first moments of starting, 
and also when the neighbourhood of synchronous speed 
is reached, while between these limits the light will pulsate, 
and the excitation should be put on when the light 15 
pulsating slowly, the lamp being either bright or dark, 
according to circumstances. 

It will be readily understood that the above remarks 
regarding the right time to put on the excitation in order 
to get the right polarity are only applicable to the case 
of self-exciting machines ; if the machines are bus excited, 
which is very seldom, the converter will pull itself round 
under protest to the correct polarity with a great rush of 
current, no matter at which pole the machine has syn- 
chronised. A point worthy of note ts that even without 
the exciting current the rotary will come up to absolute 
synchronous speed, for there is no induction motor action 
with the rotary converter or synchronous motor. А rotary 
converter can operate without field excitation, by reason 
of the heavy lagging currents that would run through its 
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armature windings under these circumstances ; these watt- 
less currents magnetise the fields to the extent necessary 
to produce the balancing back E.M.F. of the armature. 
However, such a method of operation cannot be com- 
mercial, for the machines would not carry their rated load ; 
the heavy lagging currents would overload the mains and 
destroy the pressure regulation of both sides of the system, 
and the rotaries would spark and hunt. Up to the present, 
the author has not made any tests on the operation of large 
rotaries without field excitation, for there is generally little 
lime for such experiments when putting down plant, and, 
moreover, they may turn out to be somewhat costly ; it 
is an interesting question, however, and it would be of 
value to know from those who have actually made tests 
on large units under commercial conditions whether the 
objections given above are as real as they appear to be. 
Perhaps with machines having high armature reaction 
(small air-gaps, &c.) the full load could be carried without 
the machine stopping, but its performance under these 
circumstances could hardly be otherwise than poor, quite 
apart from the bad effect produced on the system ; more- 
over, rotaries with considerable armature reaction have а 
greater tendency to hunt than those with very stiff fields. 

When starting a converter in the manner above de- 
scribed, it is necessary to take certain precautions until 
synchronism is attained ; the series field-windings must be 
open as well as the shunt, and these latter windings must 
be opened in five or six places. Otherwise they would 
break down, due to the large E.M.F. (many thousand уой») 
induced in them by the alternating flux of the armature. 
Also, as the starting current will never be less than twice 
the full-load current, even if damping-coils are used, and 
will frequently be of the order of three or four times the 
full-load current, it 1$ necessary to make arrangements 
for short-circuiting the amperemeters and fuses, otherwise 
they would be damaged by the overload. 

The great objections to the above described method 
of starting are of course the large starting-current required, 
and the risk of getting the wrong polarity ; the former will 
wholly upset the pressure regulation of the system, partly 
on account of its magnitude, but principally because of 
its low power-factor, while the latter might cause an 
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accident, and іп any case would cause time to be lost 
when adding a machine to the circuit. For lighting work 


the employment of this method is absolutely out of thc 
question. 


Il.—SoME FEATURES OF WORKING. 


With regard to asynchronous motor generator sub- 
stations there is practically nothing to be said, on account 
of the simple character of the equipment and its operation. 
Two points must be kept in mind however—the sets must 
be run as fully loaded as possible, and the motor air-gaps 
must be watched. As the power-factor of the motors will 
be less than 9o per cent. below three-quarter load, running 
the machines well loaded becomes even of greater impor- 
tance than with other classes of electrical machinery, in 
order to avoid heavy, lagging currents in the feeders. Ав 
a matter of fact, it is a good thing to overload such motor- 
generators (in moderation) before adding a machine to the 
bus-bars, for then a high power-factor over a wide range 
.of load is assured ; the risk is very small, on account of the 
rapidity with which another set can be started up and put on 
the circuit. The other point just mentioned—relative to the 
air-gaps—is of some importance on account of the small 
clearance in the motors. As with all induction motors, 
the air-gap length is determined wholly by mechanical 
considerations, being made as small as possible in order 
to get high power-factors, it becomes necessary to check 
it from time to time, in order to make sure that the gap 
at the bottom has not decreased to a dangerous extent. 
With large induction motors the gap (iron to iron) will 
be originally about 11; of the rotor diameter—a 200 В.Н.Р. 
motor would thus have a clearance of o'1 inch with a rotor 
diameter of 33 feet, so it will be seen that no considerable 
diminution of this length can be allowed on account of the 
magnetic pull even assuming exceptionally stiff shafts. 
Тһе stator case of such motors should never be cast with 
the bed-plate, for if it is separate a thickness or two of 
metal foil can be inserted between the feet of the case 
and the bed-plate seatings, by removing which the gap at 
the bottom can be increased when the brasses have worn 
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to such an extent that something must be done, and yet 
not enough to justify their replacement altogether. 

With substations employing synchronous machinery, 
such as synchronous motor generators or rotary converters, 
several highly interesting and important features of working 
present themselves. The first is the regulation of the power- 
factor, and has already been mentioned in connection with 
rotary converters—the power-factor at any load on the 
machine can be regulated to the extent necessary in practice 
by adjusting the field excitation. The curves shown in 
Fig. 4 gives a good idea of the practical case—they are 
curves taken for the purpose of this paper from the 
650-H.P. Kolben three-phase motor forming part of the 
motor generator illustrated in Plates I. and II., and whose 
test curves are given in Fig. 6. The shape of the no-load 
“V” curve of a synchronous machine is an indication 
of its performance —a very broad curve indicates, for 
instance, a motor of but moderate overload capacity, and 
one that will require but small alterations in the excitation for 
varying loads ; while a very steep curve indicates a machine 
that must work always with its excitation properly adjusted, 
otherwise its overload capacity will be small and its parallel 
running properties inferior ; at the same time this latter 
type of curve is а characteristic of machines with close 
pressure regulation. 

When the machine is loaded the “У " curve alters some- 
what with regard to position and shape on account of the 
increased armature leakage, as indicated in Fig. 5. The 
amount of this alteration is an indication of the quality 
of the armature design in this respect—the smaller the 
alteration іп shape, and the less the inclination of the axis 
a b from the vertical, the smaller the pressure drop, and 
the smaller the increase of excitation necessary for. the 
motor from no load to full load in order that it may 
work under the best conditions. 

Synchronous machines, whether motors or generators, 
should be so designed that the shape of their “У” curves 
lies between the two limits mentioned above, for then 
excellent parallel running, high overload capacity, and 
good pressure and excitation regulation will all be attained ; 
otherwise one or other of these necessary good qualities 
will be attained at the expense of the remainder. Running 


"5ЦОД 009—000 


ic f 


€ 


вәрАо gt! 


ojnurjy Jod ѕиоцојоләҷ otz 


‘10}е1э9иэ5) 1010 aseyg 


әәлчу, демо 


-06#— 


нт 


ттр 


І чита 


194 EBORALL: SOME NOTES ON (March 141, 


to such an extent that something must be done, and yet 
not enough to justify their replacement altogether. 

With substations employing synchronous machinery, 
such as synchronous motor generators or rotary converters, 
several highly interesting and important features of working 
present themselves. The first is the regulation of the power- 
factor, and has already been mentioned in connection with 
rotary converters—the power-factor at any load on the 
machine can be regulated to the extent necessary in practice 
by adjusting the field excitation. The curves shown in 
Fig. 4 gives a good idea of the practical case—they are 
curves taken for the purpose of this paper from the 
650-H.P. Kolben three-phase motor forming part of the 
motor generator illustrated in Plates I. and II., and whose 
test curves are given in Fig. 6. The shape of the no-load 
“V” curve of a synchronous machine is an indication 
of its performance—a very broad curve indicates, for 
instance, a motor of but moderate overload capacity, and 
one that will require but small alterations in the excitation for 
varying loads ; while a very steep curve indicates a machine 
that must work always with its excitation properly adjusted, 
otherwise its overload capacity will be small and its parallel 
running properties inferior; at the same time this latter 
type of curve is a characteristic of пес with close 
pressure regulation. 

When the machine is loaded the * V " curve alters some- 
what with regard to position and shape on account of the 
increased armature leakage, as indicated in Fig. 5. The 
amount of this alteration is an indication of the quality 
of the armature design in this respect—the smaller the 
alteration in shape, and the less the inclination of the axis 
a b from the vertical, the smaller the pressure drop, and 
the smaller the increase of excitation necessary for. the 
motor from no load to full load in order that it may 
work under the best conditions. 

Synchronous machines, whether motors or generators, 
should be so designed that the shape of their “У” curves 
lies between the two limits mentioned above, for then 
excellent parallel running, high overload capacity, and 
good pressure and excitation regulation will all be attained ; 
otherwise one or other of these necessary good qualities 
will be attained at the expense of the remainder. Running 
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as generator, then, the full-load drop of the machine at 
constant speed and excitation should be in the neighbour- 
hood of 5-6 per cent. with roo per cent. power-factor, and 
18-20 per cent. with 80 per cent. power-factor. Better 
regulation than this is not asked for in modern practice 
with units of medium and large output; nor is it desir- 
able, especially when substations employing synchronous 
machinery are fed from them; with better regulation 
abnormal synchronising currents may pass between the 
main units, inviting hunting on the part of the rotary 
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converters or synchronous motors. Of course the genera- 
tors would become at the same time much too heavy and 
expensive. 

Returning to the actual no load “У” curve shown in 
Fig. 4, it will be seen that when running practically without 
load, at the constant impressed pressure of 2,950 volts 
per phase, attained by regulating the bus-bar pressure in 
the power station, the excitation for the minimum armature 
current of 0:5 amperes is 46 amperes ; a reference to the 
no-load characteristic of the machine (Fig. 5) shows that 
with this minimum value of armature current ап induced 
pressure of 2,250 volts per phase is attained. With mini- 
mum armature current at a given load, the difference 
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as generator, then, the full-load drop of the machine at 
Constant speed and excitation should be in the neighbour- 
hood of 5-6 per cent. with roo per cent. power-factor, and 
18-20 per cent. with 80 per cent. power-factor. Better 
regulation than this is not asked for in modern practice 
with units of medium and large output; nor is it desir- 
able, especially when substations employing synchronous 
machinery are fed from them; with better regulation 
abnormal synchronising currents may pass between the 
main units, inviting hunting on the part of the rotary 
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converters or synchronous motors. Of course the genera- 
tors would become at the same time much too heavy and 

expensive. 
| Returning to the actual no load *V" curve shown in 
Fig. 4 it will be seen that when running practically without 
load, at the constant impressed pressure of 2,950 volts 
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UE о of the machine (Fig. 5) shows that 
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450) JKICLOWAT T THREE РНАЗЕ SYNCHRONOUS Мото GENERATOR . 


PRAGUE TRAMWAYS. 
SPEED 240 R.P.M.; FREQUENCY 48 CYCLES, VOLTS 3000 /600- 650. 
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between the impressed pressure and the back pressure, 
that is, the difference between 2,950 and 2,250 volts in 
this case, is a measure among other things of the quality 
of the motor from the point of view of pressure regulation ; 
the difference between the two pressures under these 
circumstances is due to the impedance of the armature 
and to the pressure and current beats which occur with 
all synchronous machinery—wtth a constant load and 
excitation on a synchronous motor or rotary converter, 
the back E.M.F. is continually changing its phase relative 
to the impressed pressure, a result directly due to variations 
in the angular velocity of the generators, assisted by the 
momentum of the machine itself. At constant impressed 
pressure a decrease or increase of excitation, corresponding 
to a decrease or increase in the back E.M.F., causes a fairly 
rapid increase of the armature current (and apparent watts) 
taken by the motor. At a given load, for any value of the 
motor excitation, a definite value of back E.M.F. takes such 
a (mean) position in the vector diagram that the resultant of 
it and the impressed pressure has a value equal to the 
impedance pressure of the armature. If the excitation be 
increased above the value corresponding to maximum 
power-factor, the impressed pressure at the terminals of 
the motors must of necessity lag behind the current in 
order that the above-mentioned relations are maintained ; 
for the impedance pressure has a constant phase angle 
relative to the current in a given machine. On the other 
hand, if the excitation is less than the critical value, then 
the impressed pressure must lead the current for the same 
reason. 

From the “У” curve, and knowing the various losses 
and constants of the machines, it is possible to make an 
approximate calculation of the amount of lead or lag that 
can be given to the current. For this 650-H.P. motor 
running light, the maximum lead works out to be about 
75 degrees, while the maximum lag is about 7o degrees. In 
general, it is not possible to obtain more of the “У” curve 
than shown in Fig. 4, for, if pushed much farther, the 
running of the motor becomes unstable, hunting is set up, 
and the machine drops out of step. 

The two legs of an experimentally obtained no-load “У” 
curve always differ—one is invariably straight, the other 
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convex (cp. Fig. 4). Іп this respect, the curves thus > 
obtained from well-designed commercial machines differ | 


E | | 
| 
somewhat from the theoretical curves, іп which, as | 
Steinmetz has proved,' one leg is convex, the other | 
concave. This difference between theory and practice in | 
this respect is due to armature reaction and to the influence | | 
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of the highly saturated armature teeth when the current is | 
greatly leading or lagging. EM 8 

The dotted curve to the right of the * V " curve (Fig. 4) 
illustrates clearly what happens in a transmission plant || 
when the impressed pressure on the synchronous machinery — || 
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! See Alternating Current Phenomena, by С. Р. $ UH 
& Co., London and W, J. Johnston, New York). | рр 
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the pressure at the ends of the feeders rises steadily with 
increased excitation of the synchronous machines. In this 
case the r,ooo kilowatt generator supplying current to the 
motor (through a long three-core cable) had its excitation 
adjusted once for all at the beginning of the second test, to 
such a value that the impressed E.M.F. on the motor was 
the same as before, namely 2,950 volts, when the armature 
Current had its minimum value. The excitation of the 
synchronous motor was then increased, the dotted curve 
showing the increase of (leading) armature current; ‘the 
effect of this was to raise the impressed pressure on the 
motor, that is, the pressure at the ends of the long feeder, 
from 2,950 volts to 3,100 volts. That is to say, the drop іп 
е feeder (which possessed a considerable inductive drop, 
owing to the presence of a choking coil in series at the 
Station end) was first wiped out, and then the pressure at the 
Substation end was gradually increased to the extent of 
over 5 per cent., simply by increasing the excitation of the 
motor. The frequency of course was constant throughout 
the tests, and consequently the motor speed also. 
‚ Alittle consideration of the above described character- 
istic of synchronous motors will show at once how valuable 
machines of this class become in connection with any 
transmission plant, on account of their condenser action ; it 
will als show the great superiority of synchronous motor 
generators and rotory converters over an asynchronous’ 
machine for substation purposes, from the point of view 
of the regulation of the system, and the line losses, &с. 
Instead of having a lagging idle current throughout the 
system, wasting energy and impairing the regulation at all 
Points, the power factor of the system can be-kept practically 
at or above unity throughout, the effect of pressure drop in 
the feeders can be nearly annulled, if desired, and there will 
be no other losses except those corresponding to the load, 
unless it is desired to work with a considerable leading 
current in order to raise the pressure at the substation ends 
of the feeders, as described. 

It is not possible to get a power-factor of схасНу unity in 
the circuit, by adjusting the excitation of a motor running 
light, so as to obtain minimum armature current. That is to 
say, the bottom of the “ V” curve does not mean that the 
Current running into the armature of the motor is in phase 
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with the impressed pressure ; it is very nearly in phase, but 
not quite, owing mostly to the difference in the E.M.F. 
waves of line pressure and motor pressure. Large 
synchronous motors, when well loaded, and if of good 
design, generally have full load power-factors of 96 to 98 
per cent. when working at the excitation corresponding to 
minimum armature current. 

. In. practice the utilisation of the phase rectifying 
properties of synchronous (motor) machinery works out as 
follows. With rotary converter substations, if the machines 
are compounded, the power-factor of the system will be 
nearly unity at about half load, the current lagging some- 
what before this, and leading afterwards, in accordance with 
what has already been said in this connection on page 718; 
at full load the drop in the feeders supplying the substation 
will be considerably reduced. If the rotaries are shunt 
wound, or if synchronous motors are employed, the field 
current is so adjusted that the power-factor is highest at 
about three-quarter load—at both lighter and heavier loads, 
the current is somewhat out of phase, the minimum power- 
factor being say 0705. Or, if heavy overloads are expected, the 
machines had best be somewhat over excited at full load in 
order to increase the impressed pressure, especially if 
synchronous motors, for the overload capacity is thereby 
increased, the torque being proportional to the square of 
the impressed pressure. Thus with a synchronous motor 
generator substation, if the motors are well designed, it is 
not necessary to alter the excitation continually with the 
load; but two adjustments between no load and full load 
wil be generally advisable, in accordance with what has 
been said above. The small amount of field regulation 
required in practice with well-designed synchronous motors 
is well illustrated by Fig. 5. 

If a substation equipped with synchronous machinery 
has to work in parallel with large inductive loads, such as 
large induction motors, or another station arranged with 
asynchronous motor generators, it is as well to arrange for 
the lagging current to be balanced by the synchronous 
machines. That is to say, the synchronous motors or 
rotary converters will be liberally designed, in order that 
they may carry the balancing leading currents (and increased 
excitation) in addition to the load. 
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А word ог two may be said here regarding the overload 
capacity of the three classes of substation equipment. 
With motor generator substations, what may be termed the 
permanent overload capacity depends only on the direct- 
current machines, that is to say, it will be in general about 
20 per cent. for two hours, the position of the brushes on 
the direct-current machines remaining unaltered. With 
rotary converters the corresponding overload capacity is of 
course greater, and in practice is determined as a rule by 
the commutator heating. The commutators of rotary 
converters invariably have peripheral speeds bordering upon 
the upper limit of good practice—say 3,000 feet per minute 
—consequently an overload of about 30-40 per cent. for two 
hours is about as much as can be furnished without over- 
heating the commutators. If it were not for this, and 
provided the field system was well over-excited, the overload 
capacity could be safely taken to be 50-60 per cent. for the 
time stated ; it would be determined by the permissible safe 
temperature тізе of the armature coils and step-down 
transformers. It is hereby assumed that these latter are 
artificially cooled by means of cooling pipes in the oil, or 
by forced draught, the normal temperature rise being 35? C., 
conforming in these respects to good modern practice. 

What has been called the “permanent overload capacity” 
above is however really of minor importance in practice, for 
the plant would not be subjected to such treatment except 
when being taken over, or when a breakdown occurs. The im- 
portant point, particularly with substations feeding tramway 
or railway systems, is the momentary overload capacity, that 
is t · say, the effect of short circuits of brief duration has to 
be considered. 

Regarding this point, it may be at once stated that the 
three classes of equipment are perfectly satisfactory, and 
moreover, from this point of view, there is but little to 
choose between them. Well-designed asynchronous and 
synchronous motors and rotary converters fed from a well- 
designed power-station will all stand overloads of 100 per 
cent. for a few seconds without falling out of step, the two 
classes of synchronous machines behaving in a very similar 
manner to the asynchronous machines. This is about the 
safe limit of overload capacity for standard machinery—the 
short circuit, or whatever it may be, causing the momentary 
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with the impressed pressure ; it is very nearly in phase, but 
not quite, owing mostly to the difference in the E.M.F. 
waves of line pressure and motor pressure. Large 
synchronous motors, when well loaded, and if of good 
design, generally have full load power-factors of 96 to 98 
per cent. when working at the excitation corresponding to 
minimum armature current. 

. In practice the utilisation of the phase rectifying 
properties of synchronous (motor) machinery works out as 
follows. With rotary converter substations, if the machines 
are compounded, the power-factor of the system will be 
nearly unity at about half load, the current lagging some- 
what before this, and leading afterwards, in accordance with 
what has already been said in this connection on page 718 ; 
at full load the drop in the feeders supplying the substation 
will be considerably reduced. Ш the rotaries are shunt 
wound, or if synchronous motors are employed, the field 
current is. so adjusted that the power-factor is highest at 
about three-quarter load—at both lighter and heavier loads, 
the current is somewhat out of phase, the minimum power- 
factor being say о'95. Or, if heavy overloads are expected, the 
machines had best be somewhat over excited at full load in 
order to increase the impressed pressure, especially if 
synchronous motors, for the overload capacity is thereby 
increased, the torque being proportional to the square of 
the impressed pressure. Thus with a synchronous motor 
generator substation, if the motors are well designed, it is 
not necessary to alter the excitation continually with the 
load ; but two adjustments between no load and full load 
will be generally advisable, in accordance with what has 
been said above. The small amount of field regulation 


required in practice with well-designed synchronous motors 


is well illustrated by Fig. 5. 

If a substation equipped with synchronous machinery: 
has to work in parallel with large inductive loads, such as 
large induction motors, or another station arranged with 
asynchronous motor generators, it is as well to arrange for 
the lagging current to be balanced by the synchronous 
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À word or two may be said here regarding the overload 
capacity of the three classes of substation equipment. 
With motor generator substations, what may be termed the 
permanent overload capacity depends only on the direct- 
current machines, that is to say, it will be in general about 
20 per cent. for two hours, the position of the brushes on 
the direct-current machines remaining unaltered. With 
rotary converters the corresponding overload capacity is of 
course greater, and in practice is determined as a rule by 
the commutator heating. The commutators of rotary 
converters invariably have peripheral speeds bordering upon 
the upper limit of good practice—say 3,000 feet per minute 
—consequently an overload of about 30-40 рег cent. for two 
hours is about as much as can be furnished without over- 
heating the commutators. If it were not for this, and 
provided the field system was well over-excited, the overload 
capacity could be safely taken to be 50-60 per cent. for the 
time stated ; it would be determined by the permissible safe 
temperature rise of the armature coils and step-down 
transformers. It is hereby assumed that these latter are 
artificially cooled by means of cooling pipes in the oil, or 
by forced draught, the normal temperature rise being 359 С., 
conforming in these respects to good modern practice. 

What has been called the * permanent overload capacity " 
above is however really of minor importance in practice, for 
the plant would not be subjected to such treatment except 
when being taken over, or when a breakdown occurs. The im- 
portant point, particularly with substations feeding tramway 
or railway systems, is the momentary overload capacity, that 
is t- say, the effect of short circuits of brief duration has to 
be considered. | 

Regarding this point, Ц may be at once stated that the 
three classes of equipment are perfectly satisfactory, and 
moreover, from this point of view, there is but little to 
choose between them. Well-designed asynchronous and 
synchronous motors and rotary converters fed from a well- 
designed power-station will all stand overloads of тоо per 
cent. for a few seconds without falling out of step, the two 
classes of synchronous machines behaving in a very similar 
manner to the asynchronous machines. This is about the 
safe limit of overload capacity for standard machinery—the 
short circuit, or whatever it may be, causing the momentary 
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overload is naturally unexpected, and consequently the plant 
as a rule cannot be stiffened up by field regulation, to stand 
more, or to stand this amount for a longer period, with safety. 
It does not follow that the machines will drop out of step, 
although asynchronous motor generators designed for high 
efhciency would probably pull up ; the synchronous motors 
or rotaries would generally become unstable in their 
running, and start hunting. 

With regard to the falling out of step of synchronous 
machinery, it may be observed here that once this happens 
the inherent tendency of a machine to pull itself in again is 
determined by the torque it can exert in a very short time, 
namely, half a cycle ; consequently, if there is any load on 
the machine, it must necessarily pull up. 

Should a momentary short circuit pull out the circuit 
breakers in the power-station, or otherwise break the circuit 
on the alternating current side of the converting machinery, 
it is always necessary to give the substations time to shut 
themselves down, rather than immediately replace the 
circuit. breakers, while the converting machines are still 
turning. Under these latter circumstances even іп- 
duction motors will not run up to speed, while the 
synchronous machinery forms simply a pulsating short 
circuit across the mains, a synchronous motor or rotary 
acting alternately as motor and generator relative to the 
transmission lines, and gradually pulling up. Before this 
happens, the circuit breakers will be out again ; apart from 
this it would in general be impossible to keep in the circuit 
breakers on the direct current sides of the converters. 

One of the most important questions to be considered 
in connection with the design and operation of a syn- 
chronous substation equipment is that of parallel running. 
The converting machines have not only to run perfectly in 
parallel with one another, but the various substations have 
to run perfectly in parallel with one another, and with the 
power-station also. In most modern installations this 
requirement has been easily attained, but in others great 
difficulties have arisen, and have had to be got over at 
great cost before satisfactory working over the whole system 
was attained. It is, therefore, of interest to discuss as briefly 
as possible the leading features of the question. 

With a rotary converter substation, for instance, unless 
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every detail of the system is thoroughly well designed, from 
the engines in the power-station to the rotaries themselves, 
there will be trouble with regard to the parallel running of 
the machines—that is to say, they will hunt. The term 
hunting, as applied to synchronous machinery of this 
character, means that while running at synchronous speed 
(as measured by a tachometer), the machines oscillate 
between themselves—that is, during a revolution they in- 
crease and decrease their angular velocity above the mean 
velocity, corresponding to exact synchronism, causing the 
armatures to swing backwards and forwards from a fixed 
point, (in a precisely similar manner to the swing of a pendu- 
lum), while still keeping in step. The effect of this is to cause 
the pressure on each side of the rotary to fluctuate more or 
less badly, so that working at constant pressure on the 
direct current sides becomes impossible. Once a rotary 
has started hunting, unless the small oscillations are imme- 
diately checked, they will invariably continue to increase 
in amplitude until the armature swings over and loses 
synchronism. | 

The running performance of synchronous (motor) 
machinery depends so much upon the variations in the 
velocity of the power-house engines during a revolution, 
and upon the oscillations set up by the engine governors, 
&c., that if these variations or oscillations exceed certain 
well-defined limits it becomes impossible to operate the sub- 
stations successfully. That this must be so becomes clear 
when it is considered that every variation in the supply fre- 
quency, (during an engine revolution), has to be taken up by 
the substation machines against their own momentum, with 
the result that if the armatures get accelerated or retarded 
to any extent from this cause, hunting is bound to occur, апа 
operation of the plant becomes impossible until the engines 
are working properly. This is a case in which the hunting 
of the converters is due to a well-defined cause outside the 
machines themselves. 

But although hunting may be sometimes caused in this 
way, the speed variations in the engines are by no means a 
necessary accompaniment to it, for it may be started in a 
variety of ways (of which engine pulsation is one), and then 
increased by the action of the machines themselves. This 
latter case—that of hunting on the part of the rotaries 
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overload is naturally unexpected, and consequently the plant 
as a rule cannot be stiffened up by field regulation, to stand 
more, or to stand this amount for a longer period, with safety. 
It does not follow that the machines will drop out of step, 
although asynchronous motor generators designed for high 
efficiency would probably pull up ; the synchronous motors 
or rotaries would generally become unstable іп their 
running, and start hunting. 

With regard to the falling out of step of synchronous 
machinery, it may be observed here that once this happens 
the inherent tendency of a machine to pull itself in again 15 
determined by the torque it can exert in a very short time, 
namely, half a cycle; consequently, if there is any load on 
the machine, it must necessarily pull up. 

Should a momentary short circuit pull out the circuit 
breakers in the power-station, or otherwise break the circuit 
on the alternating current side of the converting machinery, 
it is always necessary to give the substations time to shut 
themselves down, rather than immediately replace the 
circuit breakers, while the converting machines are still 
turning. Under these latter circumstances even 1п- 
duction motors will not run up to speed, while the 
synchronous machinery forms simply a pulsating short 
circuit across the mains, a synchronous motor or rotary 
acting alternately as motor and generator relative to the 
transmission lines, and gradually pulling up. Before this 
happens, the circuit breakers will be out again ; apart from 
this it would in general be impossible to keep in the circuit 
breakers on the direct current sides of the converters. 

One of the most important questions to be considered 
in connection with the design and operation of а syn- 
chronous substation equipment is that of parallel running. 
The converting machines have not only to run perfectly in 
parallel with one another, but the various substations have 
to run perfectly in parallel with one another, and with the 
power-station also. In most modern installations this 
requirement has been easily attained, but in others great 
difficulties have arisen, and have had to be got over at 
great cost before satisfactory working over the whole system 
was attained. It is, therefore, of interest to discuss as briefly 
as possible the leading features of the question. 

With a rotary converter substation, for instance, unless 
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every detail of the system is thoroughly well designed, from 
the engines in the power-station to the rotaries themselves, 
there will be trouble with regard to the parallel running of 
the machines—that is to say, they will hunt. The term 
hunting, as applied to synchronous machinery of this 
character, means that while running at synchronous speed 
(as measured by а tachometer), the machines oscillate 
between themselves—that is, during a revolution they in- 
crease and decrease their angular velocity above the mean 
velocity, corresponding to exact synchronism, causing the 
armatures to swing backwards and forwards from a fixed 
point, (in a precisely similar manner to the swing of a pendu- 
lum), while still keeping in step. The effect of this is to cause 
the pressure on each side of the rotary to fluctuate more or 
less badly, so that working at constant pressure on the 
direct current sides becomes impossible. Once a rotary 
has started hunting, unless the small oscillations are imme- 
diately checked, they will invariably continue to increase 
in amplitude until the armature swings over and loses 
synchronism. 

The running performance of synchronous (motor) 
machinery depends so much upon the variations іп the 
velocity of the power-house engines during a revolution, 
and upon the oscillations set up by the engine governors, 
&c., that if these variations or oscillations exceed certain 
well-defined limits it becomes impossible to operate the sub- 
stations successfully. That this must be so becomes clear 
when it is considered that every variation in the supply fre- 
quency, (during an engine revolution), has to be taken up by 
the substation machines against their own momentum, with 
the result that if the armatures get accelerated or retarded 
to any extent from this cause, hunting is bound to occur, and 
operation of the plant becomes impossible until the engines 
are working properly. This is a case in which the hunting 
of the converters is due to a well-defined cause outside the 
machines themselves. 

But although hunting may be sometimes caused in this 
way, the speed variations in the engines are by no means à 
necessary accompaniment to it, for it may be started in а 
variety of ways (of which engine pulsation is one), and then 
increased by the action of the machines themselves. This 
latter case—that of hunting on the part of the rotaries 
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when the power-house engines are entirely suitable—is of 
considerable interest. 

А working explanation of what happens in this case is 
as follows :—Let a slight oscillation be set up between the 
machines, by any little thing that may occur with the most 
perfectly designed plant it is possible to have, such as a 
sudden large change in the load, a short circuit, or faulty 
setting of the brushes on one machine, or an engine hunt- 
ing in the power station (due to a small mishap, &c.)—this 
slight oscillation is accompanied by a weakening and distor- 
tion of the field flux of the converter. The mere fact of 
there being an oscillation implies field distortion, for a fixed 
point on the armature during the swing is either a little ahead 
of, or a little behind, the true position. (corresponding to 
exact synchronism) it should have at this instant. This 
means that the machine 1$ acting either as a generator or 
motor, taking either a leading or a lagging current from the 
lines, and shifting the diminished field flux to one or other 
of the pole horns. The armature will now try to follow this 
change of field configuration, taking a large current in the 
reverse direction in order to do so. But this change of 
current immediately distorts the field flux in the opposite 
direction to a much larger extent, and the armature again 
tries to swing to the new position. Thus each oscillation of 
the armature gets larger and larger, and the field distortion 
Is greater and greater, until finally the flux from the poles 
gets swept nearly entirely away from the pole faces to the 
pole horns and gaps between them, the machine eventually 
swinging out of synchronism. During these oscillations 
the converter is acting alternately as generator or motor, 
giving up to, or receiving power from, the other converters 
in parallel with it, giving them in this way alternately a push 
and a pull at the wrong times, causing them to start hunting 
also. The combined effect of the various machines ш 
parallel is to increase the hunting originally set up, and 
if other substations are in parallel, the oscillations may also 
be taken up by the machines in these, the combined effect 
perhaps even reacting on the generators in the power-station, 
causing them to start oscillating also. It is thus obviously 
necessary to provide means of checking the oscillations while 
they are still small, otherwise they will get out of control 
and spread over the whole system. 
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Тһе sparking and flashing over which frequently takes 
place at the commutators of rotary converters when hunting 
is directly due to the pulsation of energy, and to the field 
distortion and fluctuation, for good commutation under 
these conditions naturally becomes impossible. Тһе dis- 
tortion of the field is really the root of the whole matter, 
and if this is prevented, or reduced to a minimum, hunting 
cannot occur. 

That the whole magnetic system of a rotary converter 
that 18 hunting is in a very disturbed state is made readily 
apparent during working. For instance, a spanner held in 
the hand between two field poles is strongly attracted with 
variable force. As a matter of fact, even when the machines 
are working properly there is a certain amount of field pulsa- - 
tion, it being sometimes easily possible to estimate the speed 
of the power-house engines from the small, quick movement 
of the pointer of the field amperemeter. 

There are certain conditions of working which tend to 
cause hunting, or which make hunting worse should it be 
setup. Ап example of the former 15 difference in the form 
of the E.M.F. waves of generators and rotaries, which is in 
itself sufficient in some cases to start hunting, but such 
differences are, as a rule, not sufficient to give rise to serious 
trouble. On the other hand, machines with strong arma- 
ture reaction, or working much under excited, are more 
lable to hunt than those with strong fields, because the 
magnetic flux is more readily distorted. For this latter 
reason it follows that over-excitation of the rotaries is a 
condition favourable to good operation. Again, the 
momentum of the converters should be kept as low as 
possible, for this apparently indirectly assists hunting, and 
In any case impairs the action of any device that may be 
used for damping the oscillations in their early stages. 
Some engineers state that hunting on the part of the sub- 
station plant is increased by the impedance of the lines, but 
the author has not as yet found this, and considers that а 
moderate amount of self-induction in the lines is directly 
beneficial. Capacity in the feeders, on the other hand, does 
appear to have some influence. In practice, however, it is 
generally difficult to separate the causes that assist hunting 
fom one another. Тһе main cause will generally be found 
to lie with the engines, and when this is removed, or when 
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the effects of field distortion set up by it are neutralised, the 
troubles generally disappear. 

Synchronous motor generators are far less likely to hunt 
(with a given generating plant and transmission system) 
than rotary converters. This is because there is consider- 
able armature reaction in the synchronous motors, which 
tends to damp the pulsations in the armature current should 
hunting be set up, and also because the field system is fed 
at a steady pressure, which is totally independent of the 
pressure at the ends of the feeders. But with unsuitable 
engines synchronous motors will hunt badly, the pressure 
on the direct current side being practically unaffected 
thereby, which is a point to be noted. The characteristic 
pulsations in the feeder pressure will, of course, occur to 
just the same extent as with rotary converters. 

From what has been said above, it will be seen that to 
ensure the perfectly satisfactory operation of synchronous 
substation machinery, two points must be attended to. The 
first is to take great care with the selection and operation of 
the generating and substation plant, particularly the former, 
so that the tendency to set up hunting will be as small as 
possible ; and the second is to provide means for getting 
rid of the hunting—that is, damp the armature oscillations 
in their earlier stages—should it be set up. 

Some considerations relating to the design of the genera- 
ting plant will be given later, while regarding the means for 
damping the oscillations a few remarks may be made here. 
As these oscillations are actual speed variations, it is evident 
that it might be possible to reduce them considerably by 
mechanical means, but the cost of devices for this purpose 
would be out of the question, to say nothing of other objec- 
tionable features. On the other hand, the oscillations are 
accompanied by, and intimately connected with, the field 
distortion as described above, and consequently if this distor- 
tion could be done away with, hunting would be prevented. 
Happily, very simple and effective means are available for 
suppressing the distortion of the field flux. All that has to 
be done is to fit the synchronous motors or rotary con- 
verters with “damping coils." This device, which is one 
of the many excellent ideas in polyphase working which 
have reached this country from the Continent vid the States, 
is of the greatest value in such cases, and rarely fails to stop 
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the worst cases of hunting. All that has to be done is to 
bridge the poles of the synchronous motors or rotaries from 
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FIG. 7.—Combined Damping Coil and Field Coil Support for 725 ВНР. 
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horn to horn by copper. plates or strips. These will have 


the effect or wiping out the distortion of the main magnetic 
"X, and therefore damping the armature oscillations, by 
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reason of the eddy currents produced in them by the flux 
due to the large leading and lagging armature currents— 
that is to say, as soon as the armature of the rotary or syn- 
chronous motor starts swinging, accompanied by the field 
distortion described above, the opposing flux produced by 
the eddy currents in the copper strips blows it away from 
between the pole-horns, and the oscillations are thus damped 
out magnetically directly they commence to form. It will 
be observed that the damping coils produce their effect just 
where it is wanted, namely, between the pole-horns. It is 
relatively of little use to put damping coils sound the pole 
pieces ; the metal is wanted at the horns of each pole, and 
between the horns of adjacent poles. 

The dimensions of the copper strips connecting the poles 
of the motor or rotary can be varied within wide limits with- 
out making much difference to the damping action. Тһе 
losses in them with actual rotary converters are found to 
vary from o'5 to 1'5 per cent. of the output of the machine, 
depending upon circumstances. An idea of the actual 
dimensions of damping coils used in practice is given by 
Fig. 7, which illustrates the gun-metal damping coils, com- 
bined with the outside cheeks of the field bobbins, for the 
synchronous motor of the soo-kilowatt two-phase motor 
generator shown in Plates 3 and 4. The damping strips 
bridging the pole-horns of the rotating magnet wheel are 
cut away centrally, partly because the centre portion is not 
very effective, but principally in order to prevent the ventila- 
tion of the magnet wheel and armature being impaired. 

As rotary converters will hunt upon slight provocation, 
such machines should always be fitted with damping coils, 
whatever the nature of the engines. They need only be used ; 
with synchronous motor generators when the power station 
engines are badly designed, unless lighting is done from the 
same feeders. Іп this case it will generally pay to use them. 
With water-power plants they are generally unnecessary for 
either class of plant. On the other hand, if the engines аге 
very bad they should be used on the generator field poles as 
well, where they will have a precisely similar effect (for the 
case is similar), and will reduce the synchronising current 
between the generators practically to zero. 

- One result of hunting in the substations 15 that the 
current in the high-pressure feeders pulsates. Asa matiter 
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(180 degrees) from one another, and consequently satisfy the 
six-phase condition. 

While the six-phase connection for rotary converters is 
more complicated and somewhat more expensive than the 
three-phase, yet it will undoubtedly pay to use it; as a 
matter of fact, it is somewhat surprising that the merits of 
this form of connection do not appear to be generally 
recognised, for Steinmetz апа Карр long ago pointed out 
that the output of any given rotary can be increased 40-50 
per cent. by its use—that is to say, for the same mean heat- 
ing of the armature coils, a six-phase rotary has an output 
40-50 per cent. greater than the three-phase rotary, according 
to the value of the power-factor of the alternating-current 
side. As the output of any well-designed rotary converter 
is determined solely by the permissible temperature rise 
(there being no distortion of the field flux under usual 
working conditions—power-factor approximately unity), 
this increased output is & great practical advantage. Another 
advantage of the six-phase connection with rotary con- 
verters 15 that the heating of the armature is much more 
uniform—as is well known, in two- and three-phase rotaries, 
those portions of the armature winding on each side of the 
tappings to theslip-rings heat up considerably more than the 
remaining portions of the winding. With a six-phase wind- 
ing, the maximum temperature rise оп the winding will 
rarely exceed the minimum by more than 20 per cent. 

It is not probable that the twelve-phase connection will 
take a place in practice, for the gain in still further increase 
of output and uniformity of heating would be more than 
counterbalanced by the increased cost and complication. 

On account of the fact that all rotary converters have 
to be fed from step-down transformers, the switch-gear 
becomes more extensive, for although as a rule not 
necessary, it is good practice to provide switches in the 
secondary circuits of the transformers. There 15, however, 
one case where such switches are absolutely necessary, and 
that is for two-phase rotaries arranged for starting from the 
direct-current side; in this case, unless the transformer 
secondaries are open, they become short-circuited (at the 
moment of starting) upon the armature winding, causing a 
great increase in starting current, and violent sparking at 
the commutator, until the machine is well towards full 
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speed. The heavy current switches in the secondary circuits 
are best mounted upon, or close to the transformers, which 
latter should be close up to the rotaries, in order to reduce 
to a minimum the pressure drop, losses, and cost, of the 
heavy conductors. 


Before leaving the subject of the transformer connections 
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Fic. 2.—Connections for Rotary Converters in Parallel Feeding Three-wire 
System, 


for three-phase rotary converters, it may be mentioned that a 
case sometimes arises in practice in which a special trans- 
former arrangement is necessary. When two or more 
rotaries are not arranged to be fed (for any special reason) 
from separate groups of transformers on the alternating- 
current side, and they are connected to a three-wire network 
on the direct-current side, then it is necessary to wind each 
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unit forming the group of (two or three) transformers feeding 
the rotaries with a multiple secondary winding, as described 
above, the arrangement being as shown in Fig. 2, illustrating 
the connections for two machines. That is to say, it is 
impossible to operate a number of rotaries feeding a three- 
wire network from common bus-bars on the alternating- 
current side. The reason is readily apparent from the 
hgure—the slip-ring sides of the machines cannet be directly 
paralleled, owing to the connection already existing on the 
direct-current side—if they were directly joined a disastrous 
short-circuit would naturally result. It may be noted in 
passing that the arrangement of the fuses in the secondary 
circuits of the transformers shown in this figure ї (each con- 
ductor coming from a slip-ring is fused twice) is a good one, 
for if one transformer gives out, the service will not be 
interrupted, for the reason already given above. 

There is, however, a certain advantage in using star- 
connected. transformers for converters feeding three-wire 
systems, for by the adoption of this form of connection 
better balancing can be attained; the secondary neutral 
points of each group of transformers may be profitably con- 
nected to the middle wire, which latter may or may not be 
earthed. Under these circumstances each rotary would be 
fed from a separate group of transformers. 

The next question arising іп connection with the equip- 
ment of a rotary converter substation is that of pressure 
regulation. It is clear that with motor generator sub- 
stations (whether asynchronous or synchronous), this 
question hardly comes in, for, as already indicated, the 
regulation is performed wholly on direct-current machines 
of standard design, either automatically ог by hand, in the 
simplest possible manner. The conditions are, however, 
quite different with. rotary converters, because the pressure 
on either side 15 practically totally independent of the held 
strength (although not of the field configuration), and con- 
sequently, the direct-current pressure cannot be varied by 
regulation on the fields alone. 

There are two commercial ways of regulating rotary 
converters, each depending upon the same principle, namely, 
that of altering the pressure on the slip-rings in order to get 


! This arrangement of fuses for such a case originated with the General 
Electric Company (U.S.A,). 
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a corresponding alteration on the direct-current side ; as 
already pointed out, the ratio of the two pressures is 
practically a constant. Тһе first method consists in varying 
by hand the impressed pressure on the slip-rings, and can 
be employed in two ways—either the impressed pressure 
can be altered by altering the ratio of transformation of the 
step-down transformers, or it can be altered by means of an 
" induction regulator." In the first case, the step-down 
transformers are so arranged in conjunction with a multiple 
contact switch that either the number of secondary turns, or 
the number of primary turns, can be altered by hand, thus 
altering the ratio of transformation ; the transformers 
supplying each rotary have their regulating switches inter- 
locked, so that the turns are cut in or out simultaneously. 
It is obvious that this method has several disadvantages, the 
most serious being those of first cost, and difficulty of 
operation. Ш the regulation is performed on the primaries, 
the switches become somewhat difficult and expensive to 
construct properly, on account of the high pressure of the 
circuits into which they are connected, while if the regulation 
is performed on the secondary sides, the expense becomes 
even greater, on account of the heavy currents to be handled, 
while the difficulties that arise with the contact surfaces of 
all regulating switches for heavy currents are well known. 
But in addition there is the difficulty of arranging such 
switches to regulate gradually, and to avoid short-circuiting 
the sections of the transformer winding connected to the 
contacts of the regulator, as these sections are being cut out 
or in. Consequently the employment of an induction 
regulator which does not suffer from any of the above- 
mentioned defects, and which has but small losses as a 
rule, will give the best results if hand regulation of the 
rotaries is asked for or desired. 

On account of difficulties connected with insulation, 
induction regulators should be connected into the secondary 
circuits of the step-down transformers. Ав usually con- 
structed, such regulators consist of an iron core arranged in 
connection with a shunt and series winding in each phase 
in such a manner, that a movement of the core will decrease 
or increase the mutual induction between the two windings. 
Thus if the core is moved inwards, the pressure on the 
converter slip-rings is reduced, on account of the inductive 
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action of the shunt winding on the series winding, while as 
the core is moved outwards, the effect of the shunt coils on 
the series coils becomes less and less, until at the end of the 
travel of the core, the pressure on the slip-rings is practically 
the full pressure of the transformer secondaries. Such an 
apparatus is easy and cheap to construct, and very effective 
in operation, a range of six per cent, up or down, being 
easily attained ; moreover, it can be readily arranged to be 
operated from a distance, and having no contacts or moving 
conductors, is unlikely to get out of order. 

A modification of the induction regulator, first devised, 
the author believes, by Mr. M. B. Field, is shown in Fig. 3; 
it possesses the advantage of being somewhat more effi- 
cient than the induction regulator described above. The 
secondary of each step-down transformer has an extension 
in the form of some extra turns capable of carrying about 
25 per cent. of the full secondary current ; these extra turns 
are connected to a small regulating switch, and to the wind- 
ings of smaller section. of a small auxiliary transformer 
(with. ratio say 1:4) as shown. The secondary of the 
auxiliary transformer is in series with the low pressure 
circuit, and adds or subtracts a small E.M.F. to this 
circuit as desired. It will be seen that both the voltage 
and current can be very readily handled, without undue 
expense, and, moreover, the supply is not interrupted should 
the regulating switch get out of order. - 

The second method of varying the impressed pressure 
on the slip rings of the rotary, in order to get the desired 
direct current pressure, 1s of considerable technical interest. 
Briefly, it consists in compounding the rotaries, and provid- 
ing a certain amount of self-induction between the terminals 
of the transformer secondaries and the slip-rings of the 
machines, if not already existing, by inserting choking coils 
in the various leads. Тһе rotary converters, being syn- 
chronous machines, operate at a power-factor determined 
wholly by the field excitation ; for an alteration of the 
latter with a given load on the machines, increases or de- 
creases the power-factor of the alternating current circuits; 
for each load on the rotary, there is, of course, a certain 
excitation that will make the power-factor a maximum, in 
accordance with the well-known “У” curve. Let now the 
shunt winding on the fields of а rotary converter, arranged 
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with compound winding, and, if necessary, with small 
choking coils, be so adjusted that when operating at no load, 
the machine takes a certain amount of lagging current, say 
30-40 per cent. of the full-load current, partly due to the 
under-excitation, partly due to the reactance in each 
phase. Ав the load comes on, the field flux increases, 
on account of the current in the series winding— 
that is, the lagging current diminishes, and therefore 
the impressed pressure increases, producing a correspond- 
ing rise in the direct current pressure; this strengthens 
the fields still more (on account of the shunt winding), until 
a balance between the two pressures is attained. At full load, 
the field flux is at its working maximum ; the input current 
will be by this time leading, due to the over-excitation 
having wiped out the lag produced by the reactance, and 
the direct current pressure will be raised to the correct 
value, on account of the increased pressure on the slip- 
rings. By suitable proportions of the reactance and field 
windings, excellent pressure regulation can be attained in 
this way, in a perfectly automatic manner ; it is perfectly 
easy to arrange for the direct current pressure to be over- 
compounded ro-15 per cent., the actual regulation being 
nearly as good as with an ordinary over-compounded direct 
current machine,’ provided the pressure at the ends of the 
feeders in the substations is maintained as nearly as possible 
constant. Тһе only objection to this method of regulation 
is the influence it has upon the regulation at the feeding 
points—that is, at the high pressure bus-bars in the sub- 
stations, for with a number of the latter in parallel, the 
variation of the power-factor naturally means that the 
attainment of constant pressure at the ends of the feeders 
becomes a difficult matter. 

The extent to which over-compounding of rotaries can 
be carried—by means of the above described method— 
depends mostly upon the rating of the machine with regard 
to the work it has to do. The limit is of course reached 
when the current running into the rotary is made to lead (by 
increasing the exciting current) the impressed pressure by 

1 With a rotary converter of standard design, the change of held flux 
necessary in order to get the desired amount of over-compounding is much 
greater than, is required with the equivalent direct current machine, for the 


direct current pressure is not proportional to the field flux but proportional to 
the impressed pressure on the slip-rings. 
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90°, for then the inductive E.M.F. of the choking coil (which 
is 009 behind the current) is in phase with the impressed 
pressure, and consequently boosts it by that amount; if the 
current lags behind the impressed pressure by 909, the 
inductive E.M.F. of the coil is half a cycle behind the 
impressed pressure, and diminishes the latter to a value 
given by subtracting the inductive E.M.F. of the choking 
coil from the impressed pressure. Neither of these limits 
are found in practice, for if the angle or lag or lead exceeds 
certain well-defined values (depending upon the shape of 
the “У” curve—that is, upon the armature reaction of the 
machine), the rotary will naturally not carry its rated load. 
The more liberally rated is the converter, the greater is the 
range of regulation attained; if the amount of over-com- 
pounding required is large (say 15-25 рег cent.) the 
rotary must be chosen large for the work it has to do, 
although not in this proportion. 

Compound wound rotary converters are connected and 
paralleled on the direct current sides in precisely the same 
manner as similar direct current machines, equalising 
bus-bars and switches being used, and therefore the same 
precautions have to be taken with them should accumulators 
be used in parallel with the low-pressure feeders. 

From what has been said above, it will readily be seen 
that of the two good methods put forward for regulating the 
pressure on the direct current sides of the machines, that 
best adapted for the requirements of lighting work is given 
by the employment of induction regulators, allowing the 
pressure to be gradually varied by hand in accordance with 
the slowly varying load ; for traction work, the enployment 
of compound windings (that is, regulation by lagging and 
leading currents) is preferable on account of the large range 
of regulation required, and the rapid variations of the load. 
In some special cases, however, the combination of the two 
methods will give very good results. 

With regard to the starting of rotary converters, all the 
remarks already made regarding the starting of synchronous 
motor generators are applicable, as the only difference in 
this respect between the two classes of machine is that 
rotary converters are invariably arranged to be self-exciting 
from their direct current sides. Wherever possible then, 
such machines should be arranged to be started from the 

VOL. XXX. ғ 47 


790 EBORALL: SOME NOTES ОМ [March 14th, 


direct current side, either from the bus-bars, or from an 
auxiliary asynchronous motor generator. As in the other 
case, this latter indirect method of starting is far preferable 
to any other, if no direct current is available at the 
switchboard. 

The next best method to this is that given by induction 
motors directly coupled to the shafts of the rotaries, while 
the fourth and last method available (briefly noticed already 
in connection with the starting of synchronous motors) 
simply consists in switching the machine directly on the 
high-pressure lines. As this method has been put forward 
in connection with several important British schemes, and 
is in use in more than one of them at the present time, 
it may not be out of place to devote a few words in its 
consideration, although in general the method is objection- 
able. 

Any modern synchronous polyphase motor can be 
started up without difficulty from the high-pressure lines, 
no matter how constructed ; that is, whether the field poles 
be solid or laminated, whether provided with damping coils 
or not, &c.—it is only a matter of sufficient starting-current 
and good mechanical design. "This method of starting, as 
used in connection with rotary converter plants, is as 
follows: The direct current main and field-switches аге 
opened, only a volt-meter being left across the direct current 
side, and then the line-current is switched on the slip- 
rings, either at full or reduced pressure, this latter being 
arranged for by an alteration in the number of secondary 
turns on the step-down transformers. Owing partly to the 
eddy currents in the pole pieces, metal cheeks of field- 
bobbins, damping coils (where these are used), but princi- 
pally to the hysteresis lag in the pole pieces, the rotary 
immediately starts, and is very soon up to synchronous 
speed. Тһе volt-meter (already referred to) on the direct 
current side indicates nothing at the moment of starting 
beyond very feeble oscillations of the pointer, for the 
current traversing its coils is of course alternating ; but 
as the rotary increases its speed the pointer begins to move 
backwards and forwards over the scale, its movements 
corresponding to the rapidly diminishing frequency of the 
pressure at the direct current terminals ; when synchronous 
speed has been reached the volt-meter pointer will again be 
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steady, for the current through it is now a direct current. 
The proper time for putting on the field-current is just 
before synchronism is reached, and is indicated by the 
volt-meter ; when the beats of the pointer are slowest, 
that is, just below synchronous speed, when the pointer 
is moving slowly from side to side over the scale, the 
held-current can be put in. But it may be noted here 
that it makes all the difference at which side of the scale 
the pointer is when the field-circuit is closed; one side 
is right and the other wrong, depending upon individual 
circumstances. If the fields have been put on when the 
pointer is at the wrong side of the scale, then the polarity 
of the direct current side of the converter will be reversed ; 
with most machines this means that the rotary must be 
switched out and synchronised again in order to get 
synchronism at the right pole. In order to make quite 
sure that the machine has synchronised at the right pole, 
it is good practice to provide a pole indicator on each 
direct current panel, so that after the excitation has been 
put on, the polarity of the direct current side can be 
checked before the rotary is connected to the direct current 
bus-bars. Needless to say, a lamp can be substituted for 
the volt-meter mentioned above across the direct current 
terminals—it will be bright at the first moments of starting, 
and also when the neighbourhood of synchronous speed 
is reached, while between these limits the light will pulsate, 
and the excitation. should be put on when the light 15 
pulsating slowly, the lamp being either bright or dark, 
according to circumstances. 

It will be readily understood that the above remarks 
regarding the right time to put on the excitation in order 
to get the right polarity are only applicable to the case 
of self-exciting machines ; if the machines are bus excited, 
which is very seldom, the converter will pull itself round 
under protest to the correct polarity with a great rush of 
current, no matter at which pole the machine has syn- 
chronised. А point worthy of note is that even without 
the exciting current the rotary will come up to absolute 
synchronous speed, for there is no induction motor action 
with the rotary converter or synchronous motor. А rotary 
converter can operate without field excitation, by reason 
of the heavy lagging currents that would run through its 
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armature windings under these circumstances ; these watt- 
less currents magnetise the fields to the extent necessary 
to produce the balancing back E.M.F. of the armature. 
However, such a method of operation cannot be com- 
mercial, for the machines would not carry their rated load ; 
the heavy lagging currents would overload the mains and 
destroy the pressure regulation of both sides of the system, 
and the rotaries would spark and hunt. Up to the present, 
the author has not made any tests on the operation of large 
rotaries without field excitation, for there is generally little 
lime for such experiments when putting down plant, and, 
moreover, they may turn out to be somewhat costly ; it 
is an interesting question, however, and it would be of 
value to know from those who have actually made tests 
on large units under commercial conditions whether the 
objections given above are as real as they appear to be. 
Perhaps with machines having high armature reaction 
(small air-gaps, &c.) the full load could be carried. without 
{һе machine. stopping, but its performance under these 
circumstances could hardly be otherwise than poor, quite 
apart from the bad effect produced on the system ; more- 
over, rotaries with considerable armature reaction have a 
greater tendency to hunt than those with very stiff fields. 

When starting a converter in the manner above de- 
scribed, it is necessary to take certain precautions until 
synchronism is attained; the series field-windings must be 
open as well as the shunt, and these latter windings must 
be opened in five or six places. Otherwise they would 
break down, due to the large E.M.F. (many thousand volts) 
induced in. them by the alternating flux of the armature. 
Also, as the starting current will never be less than twice 
the full-load current, even if damping-coils are used, and 
will frequently be of the order of three or four times the 
full-load current, Ц 1$ necessary to make arrangements 
for short-circuiting the amperemeters and fuses, otherwise 
they would be damaged by the overload. 

The great objections to the above described method 
of starting are of course the large starting-current required, 
and the risk of getting the wrong polarity ; the former will 
wholly upset the pressure regulation of the system, partly 
on account of its magnitude, but principally because of 
its low power-factor, while the latter might cause an 
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accident, and in any case would cause time to be lost 
when adding a machine to the circuit. For lighting work 


the employment of this method is absolutely out of thc 
question. 


IIl.—SoME FEATURES OF WORKING. 


With regard to asynchronous motor generator sub- 
stations there is practically nothing to be said, on account 
of the simple character of the equipment and its operation. 
Two points must be kept in mind however—the sets must 
be run as fully loaded as possible, and the motor air-gaps 
must be watched. As the power-factor of the motors will 
be less than 9o per cent. below three-quarter load, running 
the machines well loaded becomes even of greater impor- 
tance than with other classes of electrical machinery, in 
order to avoid heavy, lagging currents in the feeders. Аз 
а matter of fact, it is а good thing to overload such motor- 
generators (in moderation) before adding a machine to the 
bus-bars, for then a high power-factor over a wide range 
of load is assured ; the risk is very small, on account of the 
rapidity with which another set can be started up and put on 
the circuit. The other point just mentioned—relative to the 
air-gaps—is of some importance on account of the small 
clearance in the motors. As with all induction motors, 
the air-gap length is determined wholly by mechanical 
considerations, being made as small as possible in order 
to get high power-factors, it becomes necessary to check 
it from time to time, in order to make sure that the gap 
at the bottom has not decreased to a dangerous extent. 
With large induction motors the gap (iron to iron) will 
be originally about 41, of the rotor diameter—a 200 В.Н.Р. 
motor would thus have a clearance of o'r inch with a rotor 
diameter оҒ 3% feet, so it will be seen that no considerable 
diminution of this length can be allowed on account of the 
magnetic pull, even assuming exceptionally stiff shafts. 
The stator case of such motors should never be cast with 
the bed-plate, for if it is separate a thickness or two of 
metal foil can be inserted between the feet of the case 
and the bed-plate seatings, by removing which the gap at 
the bottom can be increased when the brasses have worn 
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to such an extent that something must be done, and yet 
not enough to justify their replacement altogether. 

With substations employing synchronous machinery, 
such as synchronous motor generators or rotary converters, 
several highly interesting and important features of working 
present themselves. The first 15 the regulation of the power- 
factor, and has already been mentioned in connection with 
rotary converters—the power-factor at any load оп the 
machine can be regulated to the extent necessary in practice 
by adjusting the field excitation. The curves shown in 
Fig. 4 gives a good idea of the practical case—they are 
curves taken for the purpose of this paper from the 
650-H.P. Kolben three-phase motor forming part of the 
motor generator illustrated in Plates I. and II., and whose 
test curves are given in Fig. 6. The shape of the no-load 
"V" curve of a synchronous machine is an indication 
of its performance —a very broad curve indicates, for 
instance, a motor of but moderate overload capacity, and 
one that will require but small alterations in the excitation for 
varying loads ; while a very steep curve indicates a machine 
that must work always with its excitation properly adjusted, 
otherwise its overload capacity will be small and its parallel 
running properties inferior; at the same time this latter 
type of curve is a characteristic of machines with close 
pressure regulation. | 

When the machine 15 loaded the * V " curve alters some- 
what with regard to position and shape on account of the 
increased armature leakage, as indicated in Fig. 5. Тһе 
amount of this alteration is an indication of the quality 
of the armature design in this respect—the smaller the 
alteration in shape, and the less the inclination of the axis 
a b from the vertical, the smaller the pressure drop, and 
the smaller the increase of excitation necessary for. the 
motor from no load to full load in order that it may 
work under the best conditions. 

Synchronous machines, whether motors or generators, 
should be so designed that the shape of their “У” curves 
lies between the two limits mentioned above, for then 
excellent parallel running, high overload capacity, and 
good pressure and excitation regulation will all be attained ; 
otherwise one or other of these necessary good qualities 
will be attained at the expense of the remainder. Running 
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direct current side, either from the bus-bars, or from an 
auxiliary asynchronous motor generator. As in the other 
case, this latter indirect method of starting is far preferable 
to any other, if no direct current is available at the 
switchboard. 

The next best method to this is that given by induction 
motors directly coupled to the shafts of the rotaries, while 
the fourth and last method available (briefly noticed already 
in connection with. the starting of synchronous motors) 
simply consists in switching the machine directly on the 
high-pressure lines. As this method has been put forward 
in connection with several important British schemes, and 
is in use in more than one of them at the present time, 
it may not be out of place to devote a few words in its 
consideration, although in general the method is objection- 
able. 

Any modern synchronous polyphase motor can be 
started up without difficulty from the high-pressure lines, 
no matter how constructed ; that is, whether the field poles 
be solid or laminated, whether provided with damping coils 
or not, &c.—it is only a matter of sufficient starting-current 
and good mechanical design. This method of starting, as 
used in connection with rotary converter plants, 15 аз 
follows: The direct current main and field-switches are 
opened, only a volt-meter being left across the direct current 
side, and then the line-current is switched on the slip- 
rings, either at full or reduced pressure, this latter being 
arranged for by an alteration in the number of secondary 
turns on the step-down transformers. Owing partly to the 
eddy currents in the pole pieces, metal cheeks of field- 
bobbins, damping coils (where these are used), but princi- 
pally to the hysteresis lag in the pole pieces, the rotary 
immediately starts, and is very soon up to synchronous 
speed. The volt-meter (already referred to) on the direct 
current side indicates nothing at the moment of starting 
beyond very feeble oscillations of the pointer, for the 
current traversing its coils is of course alternating ; but 
as the rotary increases its speed the pointer begins to move 
backwards and forwards over the scale, its movements 
corresponding to the rapidly diminishing frequency of the 
pressure at the direct current terminals ; when synchronous 
speed has been reached the volt-meter pointer will again. be 
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steady, for the current through it is пом a direct current. 
The proper time for putting on the field-current is just 
before synchronism is reached, and is indicated by the 
volt-meter ; when the beats of the pointer are slowest, 
that is, just below synchronous speed, when the pointer 
is moving slowly from side to side over the scale, the 
held-current can be put in. But it may be noted here 
that it makes all the difference at which side of the scale 
the pointer is when the field-circuit is closed; one side 
is right and the other wrong, depending upon individual 
circumstances. If the fields have been put on when the 
pointer is at the wrong side of the scale, then the polarity 
of the direct current side of the converter will be reversed ; 
with most machines this means that the rotary must be 
switched out and synchronised again in order to get 
synchronism at the right pole. In order to make quite 
sure that the machine has synchronised at the right pole, 
it is good practice to provide a pole indicator on each 
direct current panel, so that after the excitation has been 
put on, the polarity of the direct current side can be 
checked before the rotary 15 connected to the direct current 
bus-bars. Needless to say, a lamp can be substituted for 
the volt-meter mentioned above across the direct current 
terminals—it will be bright at the first moments of starting, 
and also when the neighbourhood of synchronous speed 
is reached, while between these limits the light will pulsate, 
and the excitation should be put on when the light is 
pulsating slowly, the lamp being either bright or dark, 
according to circumstances. 

It will be readily understood that the above remarks 
regarding the right time to put on the excitation in order 
to get the right polarity are only applicable to the case 
of self-exciting machines ; if the machines are bus excited, 
which is very seldom, the converter will pull itself round 
under protest to the correct polarity with a great rush of 
current, no matter at which pole the machine has syn- 
chronised. А point worthy of note is that even without 
the exciting current the rotary will come up to absolute 
synchronous speed, for there is no induction motor action 
with the rotary converter or synchronous motor. A rotary 
converter can operate without field excitation, by reason 
of the heavy lagging currents that would run through its 
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direct current side, either from the bus-bars, ог from an 
auxiliary asynchronous motor generator. As in the other 
case, this latter indirect method of starting 15 far preferable 
to any other, if no direct current is available at the 
switchboard. 

The next best method to this is that given by induction 
motors directly coupled to the shafts of the rotaries, while 
the fourth and last method available (briefly noticed already 
in connection with the starting of synchronous motors) 
simply consists in. switching the machine directly оп the 
high-pressure lines. As this method has been put forward 
in connection with several important British schemes, and 
Is 1n use in more than one of them at the present time, 
it may not be out of place to devote a few words in its 
consideration, although in general the method 15 objection- 
able. 

Any modern synchronous polyphase motor can be 
started up without difficulty from the high-pressure lines, 
no matter how constructed ; that is, whether the field poles 
be solid or laminated, whether provided with damping coils 
or not, &c.—it is only a matter of sufficient starting-current 
and good mechanical design. "This method of starting, as 
used in connection with rotary converter plants, is as 
follows: The direct current main and field-switches are 
opened, only a volt-meter being left across the direct current 
side, and then the line-current is switched on the slip- 
rings, either at full or reduced pressure, this latter being 
arranged for by an alteration in the number of secondary 
turns on the step-down transformers. Owing partly to the 
eddy currents in the pole pieces, metal cheeks of field- 
bobbins, damping coils (where these are used), but princi- 
pally to the hysteresis lag іп the pole pieces, the rotary 
immediately starts, and is very soon up to synchronous 
speed. The volt-meter (already referred to) on the direct 
current side indicates nothing at the moment of starting 
beyond very feeble oscillations of the pointer, for the 
current traversing its coils is of course alternating ; but 
as the rotary increases its speed the pointer begins to move 
backwards and forwards over the scale, its movements 
corresponding to the rapidly diminishing frequency of the 
pressure at the direct current terminals ; when synchronous 
speed has been reached the volt-meter pointer will again be 
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steady, for the current through it is now a direct current. 
The proper time for putting on the field-current is just 
before synchronism is reached, and is indicated by the 
volt-meter ; when the beats of the pointer are slowest, 
that is, just below synchronous speed, when the pointer 
is moving slowly from side to side over the scale, the 
held-current can be put in. But it may be noted here 
that it makes all the difference at which side of the scale 
the pointer is when the field-circuit is closed ; one side 
is right and the other wrong, depending upon individual 
circumstances. If the fields have been put on when the 
pointer 15 at the wrong side of the scale, then the polarity 
of the direct current side of the converter will be reversed ; 
with most machines this means that the rotary must be 
switched out and synchronised again in order to get 
synchronism at the right pole. In order to make quite 
sure that the machine has synchronised at the right pole, 
it is good practice to provide а pole indicator on each 
direct current panel, so that after the excitation has been 
put on, the polarity of the direct current side can be 
checked before the rotary is connected to the direct current 
bus-bars. Needless to say, a lamp can be substituted for 
the volt-meter mentioned above across the direct current 
terminals—it will be bright at the first moments of starting, 
and also when the neighbourhood of synchronous speed 
is reached, while between these limits the light will pulsate, 
and the excitation should be put on when the light is 
pulsating slowly, the lamp being either bright or dark, 
according to circumstances. 

It will be readily understood that the above remarks 
regarding the right time to put on the excitation in order 
to get the right polarity are only applicable to the case 
of self-exciting machines ; if the machines are bus excited, 
which is very seldom, the converter will pull itself round 
under protest to the correct polarity with a great rush of 
current, no matter at which pole the machine has syn- 
chronised. А point worthy of note is that even without 
the exciting current the rotary will come up to absolute 
synchronous speed, for there is no induction motor action 
with the rotary converter or synchronous motor. А rotary 
converter can operate without field excitation, by reason 
of the heavy lagging currents that would run through its 
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armature windings under these circumstances ; these watt- 
less currents magnetise the fields to the extent necessary 
to produce the balancing back E.M.F. of the armature. 
However, such a method of operation cannot be com- 
mercial, for the machines would not carry their rated load ; 
the heavy lagging currents would overload the mains and 
destroy the pressure regulation of both sides of the system, 
and the rotaries would spark and hunt. Up to the present, 
the author has not made any tests on the operation of large 
rotaries without field excitation, for there is generally little 
lime for such experiments when putting down plant, and, 
moreover, they may turn out to be somewhat costly ; it 
is an interesting question, however, and it would be of 
value to know from those who have actually made tests 
on large units under commercial conditions whether the 
objections given above are as real as they appear to be. 
Perhaps with machines having high armature reaction 
(small air-gaps, &c.) the full load could be carried without 
the machine stopping, but its performance under these 
circumstances could hardly be otherwise than poor, quite 
apart from the bad effect produced on the system ; more- 
over, rotaries with considerable armature reaction have a 
greater tendency to hunt than those with very stiff fields. 

When starting a converter in the manner above de- 
scribed, it is necessary to take certain precautions until 
synchronism is attained ; the series field-windings must be 
open as well as the shunt, and these latter windings must 
be opened in five or six places. Otherwise they would 
break down, due to the large E.M.F. (many thousand volts) 
induced in them by the alternating flux of the armature. 
Also, as the starting current will never be less than twice 
the full-load current, even if damping-coils are used, and 
will frequently be of the order of three or four times the 
full-load current, it 1$ necessary to make arrangements 
for short-circuiting the amperemeters and fuses, otherwise 
they would be damaged by the overload. 

The great objections to the above described method 
of starting are of course the large starting-current required, 
and the risk of getting the wrong polarity ; the former will 
wholly upset the pressure regulation of the system, partly 
on account of its magnitude, but principally because of 
its low power-factor, while the latter might cause an 
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accident, and in any case would cause time to be lost 
when adding a machine to the circuit. For lighting work 
the employment of this method is absolutely out of the 
question. 


II.—SoME FEATURES OF WORKING. 


With regard to asynchronous motor generator sub- 
stations there is practically nothing to be said, on account 
of the simple character of the equipment and its operation. 
Two points must be kept in mind however—the sets must 
be run as fully loaded as possible, and the motor air-gaps 
must be watched. Ав the power-factor of the motors will 
be less than go per cent. below three-quarter load, running 
the machines well loaded becomes even of greater impor- 
tance than with other classes of electrical machinery, in 
order to avoid heavy, lagging currents in the feeders. As 
a matter of fact, it is a good thing to overload such motor- 
generators (in moderation) before adding a machine to the 
bus-bars, for then a high power-factor over a wide range 
-of load is assured ; the risk is very small, on account of the 
rapidity with which another set can be started up and put on 
the circuit. The other point just mentioned—relative to the 
air-gaps—is of some importance on account of the small 
clearance іп the motors. As with all induction motors, 
the air-gap length 15 determined wholly by mechanical 
considerations, being made as small as possible in order 
to get high power-factors, it becomes necessary to check 
it from time to time, in order to make sure that the gap 
at the bottom has not decreased to a dangerous extent. 
With large induction motors the gap (iron to iron) will 
be originally about 41, of the rotor diameter—a 200 В.Н.Р. 
motor would thus have a clearance of o'r inch with a rotor 
diameter of 3% feet, so it will be seen that no considerable 
diminution of this length can be allowed on account of the 
magnetic pull, even assuming exceptionally stiff shafts. 
The stator case of such motors should never be cast with 
the bed-plate, for if it is separate a thickness or two of 
metal foil can be inserted between the feet of the case 
and the bed-plate seatings, by removing which the gap at 
the bottom can be increased when the brasses have worn 
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armature windings under these circumstances ; these watt- 
less currents magnetise the fields to the extent necessary 
to produce the balancing back E.M.F. of the armature. 
However, such a method of operation cannot be com- 
mercial, for the machines would not carry their rated load; 
the heavy lagging currents would overload the mains and 
destroy the pressure regulation of both sides of the system, 
and the rotaries would spark and hunt. Up to the present, 
the author has not made any tests on the operation of large 
rotaries without field excitation, for there is generally little 
lime for such experiments when putting down plant, and, 
moreover, they may turn out to be somewhat costly ; it 
is an interesting question, however, and it would be of 
value to know from those who have actually made tests 
on large units under commercial conditions whether the 
objections given above are as real as they appear to be. 
Perhaps with machines having high armature reaction 
(small air-gaps, &c.) the full load could be carried without 
the machine stopping, but its performance under these 
circumstances could hardly be otherwise than poor, quite 
apart from the bad effect produced on the system ; more- 
over, rotaries with considerable armature reaction have a 
greater tendency to hunt than those with very stiff fields. 

When starting a converter in the manner above de- 
scribed, it is necessary to take certain precautions until 
synchronism is attained ; the series field-windings must be 
open as well as the shunt, and these latter windings must 
be opened in five or six places. Otherwise they would 
break down, due to the large E.M.F. (many thousand volts) 
induced in them by the alternating flux of the armature. 
Also, as the starting current will never be less than twice 
the full-load current, even if damping-coils are used, and 
will frequently be of the order of three or four times the 
full-load current, it is necessary ю make arrangements 
for short-circuiting the amperemeters and fuses, otherwise 
they would be damaged by the overload. 

The great objections to the above described method 
of starting are of course the large starting-current required, 
and the risk of getting the wrong polarity ; the former will 
wholly upset the pressure regulation of the system, partly 
on account of its magnitude, but principally because of 
its low power-factor, while the latter might cause ап 
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accident, and in any case would cause time to be lost 
when adding a machine to the circuit. For lighting work 
the employment of this method is absolutely out of thc 
question. 


П.-5ОМЕ FEATURES OF WORKING. 


With regard to asynchronous motor generator sub- 
stations there is practically nothing to be said, on account 
of the simple character of the equipment and its operation. 
Two points must be kept in mind however—the sets must 
be run as fully loaded as possible, and the motor air-gaps 
must be watched. Ав the power-factor of the motors will 
beless than 9o per cent. below three-quarter load, running 
the machines well loaded becomes even of greater impor- 
tance {һап with other classes of electrical machinery, in 
order to avoid heavy, lagging currents in the feeders. As 
a matter of fact, it is а good thing to overload such motor- 
generators (in moderation) before adding a machine to the 
bus-bars, for then a high power-factor over a wide range 
-of load is assured ; the risk is very small, on account of the 
rapidity with which another set can be started up and put on 
the circuit. The other point just mentioned—relative to the 
air-gaps—is of some importance on account of the small 
clearance in the motors. As with all induction motors, 
the air-gap length is determined wholly by mechanical 
considerations, being made as small as possible in order 
to get high power-factors, it becomes necessary to check 
it from time to time, in order to make sure that the gap 
at the bottom has not decreased to a dangerous extent. 
With large induction motors the gap (iron to iron) will 
be originally about т of the rotor diameter—a 200 В.Н.Р. 
motor would thus have a clearance of o'r inch with a rotor 
diameter of 3% feet, so it will be seen that no considerable 
diminution of this length can be allowed on account of the 
magnetic pull even assuming exceptionally stiff shafts. 
The stator case of such motors should never be cast with 
the bed-plate, for if it is separate a thickness or two of 
metal foil can be inserted between the feet of the case 
and the bed-plate seatings, by removing which the gap at 
the bottom can be increased when the brasses have worn 
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to such an extent that something must be done, and yet 
not enough to justify their replacement altogether. 

With substations employing synchronous machinery, 
such as synchronous motor generators or rotary converters, 
several highly interesting and important features of working 
present themselves. The first is the regulation of the power- 
factor, and has already been mentioned in connection with 
rotary converters—the power-factor at any load on the 
machine can be regulated to the extent necessary in practice 
by adjusting the field excitation. Тһе curves shown in 
Fig. 4 gives a good idea of the practical case—they are 
curves taken for the purpose of this paper from the 
650-H.P. Kolben three-phase motor forming part of the 
motor generator illustrated in Plates I. and II., and whose 
test curves are given in Fig. 6. The shape of the no-load 
“V” curve of a synchronous machine is an indication 
of its performance —a very broad curve indicates, for 
instance, a motor of but moderate overload capacity, and 
one that will require but small alterations in the excitation for 
varying loads ; while a very steep curve indicates a machine 
that must work always with its excitation properly adjusted, 
otherwise its overload capacity will be small and its parallel 
running properties inferior ; at the same time this latter 
type of curve is a characteristic of machines with close 
pressure regulation. 

When the machine is loaded the “У” curve alters some- 
what with regard to position and shape on account of the 
increased armature leakage, as indicated in Fig. 5. Тһе 
amount of this alteration i9 an indication of the quality 
of the armature design in this respect—the smaller the 
alteration in shape, and the less the inclination of the axis 
a b from the vertical, the smaller the pressure drop, and 
the smaller the increase of excitation necessary for. the 
motor from no load to full load in order that it may 
work under the best conditions. 

Synchronous machines, whether motors or generators, 
should be so designed that the shape of their “У” curves 
lies between the two limits mentioned above, for then 
excellent parallel running, high overload capacity, and 
good pressure and excitation regulation will all be attained ; 
otherwise one or other of these necessary good qualities 
will be attained at the expense of the remainder. Running 
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to such an extent that something must be done, and yet 
not enough to justify their replacement altogether. 

With substations employing synchronous machinery, 
such as synchronous motor generators or rotary converters, 
several highly interesting and important features of working 
present themselves. The first is the regulation of the power- 
factor, and has already been mentioned in connection with 
rotary converters—the power-factor at any load оп the 
machine can be regulated to the extent necessary in practice 
by adjusting the field excitation. The curves shown in 
Fig. 4 gives a good idea of the practical case—they are 
curves taken for the purpose of this paper from the 
650-H.P. Kolben three-phase motor forming part of the 
motor generator illustrated in Plates I. and II., and whose 
test curves are given in Fig. 6. Тһе shape of the no-load 
"V" curve of a synchronous machine is an indication 
of its performance —a very broad curve indicates, for 
instance, a motor of but moderate overload capacity, and 
one that will require but small alterations in the excitation for 
varying loads ; while a very steep curve indicates a machine 
that must work always with its excitation properly adjusted, 
otherwise its overload capacity will be small and its parallel 
running properties inferior ; at the same time this latter 
type of curve is a characteristic of machines with close 
pressure regulation. | 

When the machine is loaded the “У” curve alters some- 
what with regard to position and shape on account of the 
increased armature leakage, as indicated in Fig. 5. The 
amount of this alteration 1s an indication of the quality 
of the armature design in this respect—the smaller the 
alteration in shape, and the less the inclination of the axis 
a b from the vertical, the smaller the pressure drop, and 
the smaller the increase of excitation necessary for. the 
motor from no load to full load in order that it may 
work under the best conditions. 

Synchronous machines, whether motors or generators, 
should be so designed that the shape of their “У” curves 
lies between the two limits mentioned above, for then 
excellent parallel running, high overload capacity, and 
good pressure and excitation regulation will all be attained ; 
otherwise one or other of these necessary good qualities 
will be attained at the expense of the remainder. Running 
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45 generator, then, the full-load drop of the machine at 
constant speed and excitation should be in the neighbour- 
hood of 5—6 per cent. with roo per cent. power-factor, and 
18-20 per cent. with 80 per cent. power-factor. Better 
regulation than this is not asked for in modern practice 
With units of medium and large output; nor is it desir- 
able, especially when substations employing synchronous 
machinery are fed from them; with better regulation 
abnormal synchronising currents may pass between the 
man units, inviting hunting on the part of the rotary 
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Converters or synchronous motors. Of course the genera- 
tors would become at the same time much too heavy and 
expensive. 

Returning to the actual no load “V” curve shown in 
Fig. 4, it will be seen that when running practically without 
load, at the constant impressed pressure of 2,950 volts 
рег phase, attained by regulating the bus-bar pressure in 
the power station, the excitation for the minimum armature 
current of 9'5 amperes is 46 amperes ; a reference to the 
no-load characteristic of the machine (Fig. 5) shows that 
with this minimum value of armature current an induced 
pressure of 2,250 volts per phase is attained. With mini- 
mum armature current at a given load, the difference 
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as generator, then, the full-load drop of the machine at 
constant speed and excitation should be in the neighbour- 
hood of 5-6 per cent. with roo per cent. power-factor, and 
18-20 per cent. with 80 per cent. power- -factor. Better 
regulation than this is not asked for in modern practice 
with units of medium and large output; nor is it desir- 
able, especially when substations employing synchronous 
machinery are fed from them; with better regulation 
abnormal synchronising currents may pass between the 
main units, inviting hunting on the part of the rotary 
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converters or synchronous motors. Of course the genera- 
tors would become at the same time much too heavy and 
expensive. 

Returning to the actual no load “V” curve shown in 
Fig. 4, it will be seen that when running practically without 
load, at the constant impressed pressure of 2,950 volts 
per phase, attained by regulating the bus-bar pressure in 
the power station, the excitation for the minimum armature 
current of 0:5 amperes is 46 amperes; a reference to the 
no-load characteristic of the machine (Fig. 5) shows that 
with this minimum value of armature current an induced 
pressure of 2,250 volts per phase is attained. With mini- 
mum armature current at a given load, the difference 
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ween the impressed pressure and the back pressure, 
t is, the difference between 2,950 and 2,250 volts in 
Case, is a measure among other things of the quality 
he motor from the point of view of pressure regulation ; 
difference between the two pressures under these 
umstances is due to the impedance of the armature 
‚ {о the pressure and current beats which occur with 
synchronous machinery—wtth a constant load and 
'ation on a synchronous motor or rotary converter, 
ack E.M.F. is continually changing its phase relative 
impressed pressure, a result directly due to variations 
з angular velocity of the generators, assisted by the 
entum of the machine itself. At constant impressed 
ure a decrease or increase of excitation, corresponding 
lecrease or increase in the back E.M.F., causes a fairly 
[ increase of the armature current (and apparent watts) 
1 by the motor. At a given load, for any value of the 
or excitation, a definite value of back E.M.F. takes such 
iean) position in the vector diagram that the resultant of 
nd the impressed pressure has a value equal to the 
edance pressure of the armature. If the excitation be 
‘eased above the value corresponding to maximum 
-er-factor, the impressed pressure at the terminals of 
motors must of necessity lag behind the current in 
er that the above-mentioned relations are maintained ; 
the impedance pressure has a constant phase angle 
itive to the current in a given machine. On the other 
id, if the excitation is less than the critical value, then 
impressed pressure must lead the current for the same 
on. 
‘rom the * V" curve, and knowing the various losses 
constants of the machines, it is possible to make an 
ximate calculation of the amount of lead or lag that 
е given to the current. For this 650-H.P. motor 
ig light, the maximum lead works out to be about 
Jegrees, while the maximum lag is about 70 degrees. Іп 
eneral, it is not possible to obtain more of the “ V" curve 
ihan shown in Fig. 4, for, if pushed much farther, the 
running of the motor becomes unstable, hunting 15 set up, 
and the machine drops out of step. 
The two legs of an experimentally obtained no-load “V ” 
curve always differ—one is invariably straight, the other 
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convex (cp. Fig. 4). Іп this respect, the curves thus 
obtained from well-designed commercial machines differ 
somewhat from the theoretical curves, in which, as 
Steinmetz has ргоуе4, т one leg is convex, the other 
concave. This difference between theory and practice in 
this respect is due to armature reaction and to the influence 
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greatly leading ог lagging. 

The dotted curve to the right of the * V" curve (Fig. 4) 
illustrates clearly what happens in a transmission plant 
when the impressed pressure on the synchronous machinery 
is not maintained. constant, but is left to take care of itself ; 


| 
of the highly saturated armature teeth when the current is 


' See Alternating Current Phenomena, by C. P. Steinmetz (Whitaker 
& Co., London and W. J. Johnston, New York). 
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the pressure at the ends of the feeders rises steadily with 
increased excitation of the synchronous machines. In this 
case the 1,000 kilowatt generator supplying current to the 
motor (through a long three-core cable) had its excitation 
adjusted once for all at the beginning of the second test, to 
such a value that the impressed E.M.F. on the motor was 
the same as before, namely 2,950 volts, «ten the armature 
current had its minimum value. The excitation of the 
synchronous motor was then increased, the dotted curve 
showing the increase of (leading) armature current; ‘the 
effect of this was to raise the impressed pressure on the 
motor, that is, the pressure at the ends of the long feeder, 
from 2,950 volts to 3,100 volts. That is to say, the drop in 
the feeder (which possessed a considerable inductive drop, 
owing to the presence of a choking coil in series at the 
station end) was first wiped out, and then the pressure at the 
substation end was gradually increased to the extent of 
over 5 per cent., simply by increasing the excitation of the 
motor. The frequency of course was constant throughout 
the tests, and consequently the motor speed also. 

A little consideration of the above described character- 
istic of synchronous motors will show at once how valuable 
machines of this class become in connection with any 
transmission plant, on account of their condenser action ; it 
will also show the great superiority of synchronous motor 
generators and rotory converters over an asynchronous ' 
machine for substation purposes, from the point of view 
of the regulation of the system, and the line losses, &c. 
Instead of having a lagging idle current throughout the 
system, wasting energy and impairing the regulation at all 
points, the power factor of the system can be-kept practically 
at or above unity throughout, the effect of pressure drop in 
the feeders can be nearly annulled, if desired, and there will 
be no other losses except those corresponding to the load, 
unless it is desired to work with a considerable leading 
current in order to raise the pressure at the substation ends 
of the feeders, as described. 

It is not possible to get a power-factor of exactly unity in 
the circuit, by adjusting the excitation of a motor running 
light, so as to obtain minimum armature current. That is to 
say, the bottom of the “ V” curve does not mean that the 
current running into the armature of the motor is in phase 
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convex (cp. Fig. 4). Іп this respect, the curves thus 
obtained from well-designed commercial machines differ 
somewhat from the theoretical curves, in which, as 
Steinmetz has proved,'! one leg is convex, the other 
concave. This difference between theory and practice in 
this respect is due to armature reaction and to the influence 
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of the highly saturated armature teeth when the current is 
greatly leading or lagging. 

The dotted curve to the right of the “У” curve (Fig. 4) 
illustrates clearly what happens in a transmission plant 
when the impressed pressure on the synchronous machinery 
is not maintained constant, but is left to take care of itself ; 
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the pressure at the ends of the feeders rises steadily with 
increased excitation of the synchronous machines. Іп this 
case the 1,000 kilowatt generator supplying current to the 
motor (through a long three-core cable) had its excitation 
adjusted once for all at the beginning of the second test, to 
such a value that the impressed E.M.F. on the motor was 
the same as before, namely 2,950 volts, when the armature 
current had its minimum value. The excitation of the 
synchronous motor was then increased, the dotted curve 
showing the increase of (leading) armature current ; ‘the 
effect of this was to raise the impressed pressure on the 
motor, that is, the pressure at the ends of the long feeder, 
from 2,950 volts to 3,100 volts. That is to say, the drop in 
the feeder (which possessed a considerable inductive drop, 
owing to the presence of a choking coil in series at the 
station end) was first wiped out, and then the pressure at the 
substation end was gradually increased to the extent of 
over 5 per cent., simply by increasing the excitation of the 
motor. The frequency of course was constant throughout 
the tests, and consequently the motor speed also. 

A little consideration of the above described character- 
istic of synchronous motors will show at once how valuable 
machines of this class become in connection with any 
transmission plant, on account of their condenser action ; it 
will also show the great superiority of synchronous motor 
generators and rotory converters over an asynchronous ° 
machine for substation purposes, from the point of view 
of the regulation of the system, and the line losses, &c. 
Instead of having a lagging idle current throughout the 
system, wasting energy and impairing the regulation at all 
points, the power factor of the system can Бе" Кері practically 
at or above unity throughout, the effect of pressure drop in 
the feeders can be nearly annulled, if desired, and there will 
be no other losses except those corresponding to the load, 
unless it is desired to work with a considerable leading 
current in order to raise the pressure at the substation ends 
of the feeders, as described. 

It is not possible to get a power-factor of exactly unity in 
the circuit, by adjusting the excitation of a motor running 
light, so as to obtain minimum armature current. That is to 
say, the bottom of the * V" curve does not mean that the 
current running into the armature of the motor is in phase 
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with the impressed pressure ; it is very nearly in phase, but 
not quite, owing mostly to the difference in the E.M.F. 
waves of line pressure and motor pressure. Large 
synchronous motors, when well loaded, and if of good 
design, generally have full load power-factors of 96 to 98 
per cent. when working at the excitation corresponding to 
minimum armature current. 

In practice the utilisation of the phase rectifying 
properties of synchronous (motor) machinery works out as 
follows. With rotary converter substations, if the machines 
are compounded, the power-factor of the system will be 
nearly unity at about half load, the current lagging some- 
what before this, and leading afterwards, in accordance with 
what has already been said in this connection on page 718; 
at full load the drop in the feeders supplying the substation 
will be considerably reduced. If the rotaries are shunt 
wound, or if synchronous motors are employed, the field 
current is so adjusted that the power-factor is highest at 
about three-quarter load—at both lighter and heavier loads, 
the current is somewhat out of phase, the minimum power- 
factor being say o:95. Or, if heavy overloads are expected, the 
machines had best be somewhat over excited at full load in 
order to increase the impressed pressure, especially if 
synchronous motors, for the overload capacity is thereby 
increased, the torque being proportional to the square of 
the impressed pressure. Thus with a synchronous motor 
generator substation, if the motors are well designed, it is 
not necessary to alter the excitation continually with the 
load; but two adjustments between no load and full load 
will be generally advisable, in accordance with what has 
been said above. The small amount of field regulation 
required in practice with well-designed synchronous motors 
is well illustrated by Fig. 5. 

If a substation equipped with synchronous machinery 
has to work in parallel with large inductive loads, such as 
large induction motors, or another station arranged with 
asynchronous motor generators, it is as well to arrange for 
the lagging current to be balanced by the synchronous 
machines. That is to say, the synchronous motors or 
rotary converters will be liberally designed, in order that 
they may carry the balancing leading currents (and increased 
excitation) in addition to the load. 
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А word or two may be said here regarding the overload 
capacity of the three classes of substation equipment. 
With motor generator substations, what may be termed the 
permanent overload capacity depends only on the direct- 
current machines, that is to say, it will be іп general about 
20 per cent. for two hours, the position of the brushes on 
the direct-current machines remaining unaltered. With 
rotary converters the corresponding overload capacity is of 
course greater, and in practice is determined as a rule by 
the commutator heating. Тһе commutators of rotary 
converters invariably have peripheral speeds bordering upon 
the upper limit of good practice—say 3,000 feet per minute 
— consequently an overload of about 30-40 per cent. for two 
hours is about as much as can be furnished without over- 
heating the commutators. If it were not for this, and 
provided the field system was well over-excited, the overload 
capacity could be safely taken to be 50-60 per cent. for the 
time stated ; it would be determined by the permissible safe 
temperature rise of the armature coils апа step-down 
transformers. It is hereby assumed that these latter are 
artificially cooled by means of cooling pipes in the oil, or 
by forced draught, the normal temperature rise being 359 C., 
conforming in these respects to good modern practice. 

What has been called the “permanent overload capacity” 
above is however really of minor importance in practice, for 
the plant would not be subjected to such treatment except 
when being taken over, or when a breakdown occurs. The im- 
portant point, particularly with substations feeding tramway 
or railway systems, is the momentary overload capacity, that 
is {- say, the effect of short circuits of brief duration has to 
be considered. | 

Regarding this point, it may be at once stated that the 
three classes of equipment are perfectly satisfactory, and 
moreover, from this point of view, there is but little to 
choose between them. Well-designed asynchronous and 
synchronous motors and rotary converters fed from a well- 
designed power-station will all stand overloads of roo per 
cent. for a few seconds without falling out of step, the two 
classes of synchronous machines behaving in a very similar 
manner to the asynchronous machines. This is about the 
safe limit of overload capacity for standard machinery—the 
short circuit, or whatever it may be, causing the momentary 
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overload is naturally unexpected, and consequently the plant 
as а rule cannot be stiffened up by field regulation, to stand 
more, or to stand this amount for a longer period, with safety. 
It does not follow that the machines will drop out of step, 
although asynchronous motor generators designed for high 
ethciency would probably pull up ; the synchronous motors 
or rotaries would generally become unstable in their 
running, and start hunting. 

With regard to the falling out of step of synchronous 
machinery, it may be observed here that once this happens 
the inherent tendency of a machine to pull itself in again is 
determined by the torque it can exert in a very short time, 
namely, half a cycle; consequently, if there is any load on 
the machine, it must necessarily pull up. 

Should a momentary short circuit pull out the circuit 
breakers 1n the power-station, or otherwise break the circuit 
on the alternating current side of the converting machinery, 
it 15 always necessary to give the substations time to shut 
themselves down, rather than immediately replace the 
circuit. breakers, while the converting machines are still 
turning. Under these latter circumstances even in- 
duction motors will not run up to speed, while the 
synchronous machinery forms simply a pulsating short 
circuit across the mains, a synchronous motor or rotary 
acting alternately as motor and generator relative to the 
transmission lines, and gradually pulling up. Before this 
happens, the circuit breakers will be out again ; apart from 
this it would in general be impossible to keep in the circuit 
breakers on the direct current sides of the converters. 

One of the most important questions to be considered 
in connection with the design and operation of a syn- 
chronous substation equipment is that of parallel running. 
The converting machines have not only to run perfectly in 
parallel with one another, but the various substations have 
to run perfectly in parallel with one another, and with the 
power-station also. In most modern installations this 
requirement has been easily attained, but in others great 
difficulties have arisen, and have had to be got over at 
great cost before satisfactory working over the whole system 
was attained. It is, therefore, of interest to discuss as briefly 
as possible the leading features of the question. 

With a rotary converter substation, for instance, unless 
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every detail of the system is thoroughly well designed, from 
the engines in the power-station to the rotaries themselves, 
there will be trouble with regard to the parallel running of 
the machines—that is to say, they will hunt. The term 
hunting, аз applied to synchronous machinery of this 
character, means that while running at synchronous speed 
(as measured by а tachometer), the machines oscillate 
between themselves—that is, during a revolution they in- 
crease and decrease their angular velocity above the mean 
velocity, corresponding to exact synchronism, causing the 
armatures to swing backwards and forwards from a fixed 
point, (in a precisely similar manner to the swing of a pendu- 
lum), while still keeping in step. The effect of this is to cause 
the pressure on each side of the rotary to fluctuate more or 
less badly, so that working at constant pressure on the 
direct current sides becomes impossible. Once a rotary 
has started hunting, unless the small oscillations are imme- 
diately checked, they will invariably continue to increase 
in amplitude until the armature swings over and loses 
synchronisin. 

The running performance of synchronous (motor) 
machinery depends so much upon the variations in the 
velocity of the power-house engines during a revolution, 
and upon the oscillations set up by the engine governors, 
&c., that if these variations or oscillations exceed certain 
well-defined limits it becomes impossible to operate the sub- 
stations successfully. That this must be so becomes clear 
when it is considered that every variation in the supply fre- 
quency, (during an engine revolution), has to be taken up by 
the substation machines against their own momentum, with 
the result that if the armatures get accelerated or retarded 
to any extent from this cause, hunting is bound to occur, and 
operation of the plant becomes impossible until the engines 
are working properly. This is a case in which the hunting 
of the converters is due to a well-defined cause outside the 
machines themselves. 

But although hunting may be sometimes caused in this 
way, the speed variations in the engines are by no means a 
necessary accompaniment to it, for it may be started in a 
variety of ways (of which engine pulsation is one), and then 
increased by the action of the machines themselves. This 
latter case—that of hunting on the part of the rotaries 
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when the power-house engines are entirely suitable—is of 
considerable interest. 

А working explanation of what happens in this case 15 
as follows :—Let a slight oscillation be set up between the 
machines, by any little thing that may occur with. the. most 
perfectly designed plant it is possible to have, such as a 
sudden large change in the load, а short circuit, or faulty 
setting of the brushes on one machine, or an engine hunt- 
ing in the power station. (due to a small mishap, &c.)—this 
slight oscillation is accompanied by a weakening and distor- 
tion of the field flux of the converter. The mere fact of 
there being an oscillation implies field distortion, for a fixed 
point on the armature during the swing is either a little ahead 
of, or a little behind, the true position (corresponding to 
exact synchronism) it should have at this instant. This 
means that the machine is acting either as a generator or 
motor, taking either a leading or a lagging current from the 
lines, and shifting the diminished field flux to one or other 
of the pole horns. The armature will now try to follow this 
change of field configuration, taking а large current in the 
reverse direction in order to do so. But this change of 
current immediately distorts the field flux in the opposite 
direction to а much larger extent, and the armature again 
tries to swing to the new position. Thus each oscillation of 
the armature gets larger and larger, and the field distortion 
is greater and greater, until finally the flux from the poles 
gets swept nearly entirely away from the pole faces to the 
pole horns and gaps between them, the machine eventually 
swinging out of synchronism. During these oscillations 
the converter is acting alternately as generator or motor, 
giving up to, or receiving power from, the other converters 
in parallel with it, giving them in this way alternately a push 
and a pull at the wrong times, causing them to start hunting 
also. The combined effect of the various machines in 
parallel is to increase the hunting originally set up, and 
if other substations are in parallel, the oscillations may also 
be taken up by the machines in these, the combined effect 
perhaps even reacting on the generators in the power-statiou, 
causing them to start oscillating also. It is thus obviously 
necessary to provide means of checking the oscillations while 
they are still small, otherwise they will get out of control 
and spread over the whole system. 
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The sparking and flashing over which frequently takes 
place at the commutators of rotary converters when hunting 
is directly due to the pulsation of energy, and to the field 
distortion and fluctuation, for good commutation under 
these conditions naturally becomes impossible. Тһе dis- 
tortion of the field is really the root of the whole matter, 
and if this is prevented, or reduced to a minimum, hunting 
cannot occur. | 

That the whole magnetic system of a rotary converter 
that is hunting is in a very disturbed state is made readily 
apparent during working. For instance, a spanner held in 
the hand between two field poles is strongly attracted with 
variable force. As a matter of fact, even when the machines 
are working properly there is a certain amount of field pulsa- - 
tion, it being sometimes easily possible to estimate the speed 
of the power-house engines from the small, quick movement 
of the pointer of the field amperemeter. 

There are certain conditions of working which tend to 
cause hunting, or which make hunting worse should it be 
setup. Ап example of the former is difference in the form 
of the E.M.F. waves of generators and rotaries, which 1$ in 
itself sufficient in some cases to start hunting, but such 
differences are, as a rule, not sufficient to give rise to serious 
trouble. On the other hand, machines with strong arma- 
ture reaction, or working much under excited, are more 
liable to hunt than those with strong fields, because the 
magnetic flux is more readily distorted. For this latter 
reason it follows that over-excitation of the rotaries is a 
condition favourable to good operation. Again, the 
momentum of the converters should be kept as low as 
possible, for this apparently indirectly assists hunting, and 
in any case impairs the action of any device that may be 
used for damping the oscillations in their early stages. 
Some engineers state that hunting on the part of the sub- 
station plant is increased by the impedance of the lines, but 
the author has not as yet found this, and considers that a 
moderate amount of self-induction in the lines is directly 
beneficial. Capacity in the feeders, on the other hand, does 
appear to have some influence. In practice, however, it is 
generally difficult to separate the causes that assist hunting 
from one another. The main cause will generally be found 
to lie with the engines, and when this is removed, or when 

VOL. XXX. 48 


186 EBORALL: SOME NOTES ON (March 14th, 


the effects of field distortion set up by it are neutralised, the 
troubles generally disappear. 

Synchronous motor generators are far less likely to hunt 
(with a given generating plant and transmission system) 
than rotary converters. This is because there is consider- 
able armature reaction in the synchronous motors, which 
tends to damp the pulsations in the armature current should 
hunting be set up, and also because the field system is fed 
at a steady pressure, which is totally independent of the 
pressure at the ends of the feeders. But with unsuitable 
engines synchronous motors will hunt badly, the pressure 
on the direct current side being practically unaffected 
thereby, which is a point to be noted. Тһе characteristic 
pulsations in the feeder pressure will, of course, occur to 
just the same extent as with rotary converters. 

From what has been said above, it will be seen that to 
ensure the perfectly satisfactory operation of synchronous 
substation machinery, two points must be attended to. The 
first is to take great care with the selection and operation of 
the generating and substation plant, particularly the former, 
so that the tendency to set up hunting will be as small as 
possible ; and the second is to provide means for getting 
rid of the hunting—that is, damp the armature oscillations 
in their earlier stages—should it be set up. 

Some considerations relating to the design of the genera- 
ting plant will be given later, while regarding the means for 
damping the oscillations a few remarks may be made here. 
As these oscillations are actual speed variations, it is evident 
that it might be possible to reduce them considerably by 
mechanical means, but the cost of devices for this purpose 
would be out of the question, to say nothing of other objec- 
tionable features. On the other hand, the oscillations are 
accompanied by, and intimately connected with, the field 
distortion as described above, and consequently if this distor- 
tion could be done away with, hunting would be prevented. 
Happily, very simple and effective means are available for 
suppressing the distortion of the field flux. All that has to 
be done is to fit the synchronous motors or rotary СОП- 
verters with “damping coils." This device, which is one 
of the many excellent ideas in polyphase working which - 
have reached this country from the Continent vid the States, : 
is of the greatest value in such cases, and rarely fails to stop 
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d cases of hunting. All that has to be done is to 
ridge the poles of the synchronous motors or rotaries from 
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FIG. 7-~Combined Damping Coil and Field Coil Support for 725 B.H.P. 
: and H, Synchronous Motor. Speed, 212 Revs. per Min. ; Frequency 
бо Cycles ; Peripheral Speed, 5,500 ft. per Min. 


horn to horn by copper plates or strips. These will have 
the effect of wiping out the distortion of the main magnetic 
fluz, and therefore damping the armature oscillations, by 
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reason of the eddy currents produced in them by the flux 
due to the large leading and lagging armature currents— 
that is to say, as soon as the armature of the rotary or syu- 
chronous motor starts swinging, accompanied by the field 
distortion described above, the opposing flux produced by 
the eddy currents in the copper strips blows it away from 
between the pole-horns, and the oscillations are thus damped 
out magnetically directly they commence to form. It will 
be observed that the damping coils produce their effect just 
where it is wanted, namely, between the pole-horns. И is 
relatively of little use to put damping coils round the pole 
pieces ; the metal is wanted at the horns of each pole, and 
between the horns of adjacent poles. 

'The dimensions of the copper strips connecting the poles 
of the motor or rotary can be varied within wide limits with- 
out making much difference to the damping action. The 
losses in them with actual rotary converters are found to 
vary from o'5 to 1'5 per cent. of the output of the machine, 
depending upon circumsíances Ап idea of the actual 
dimensions of damping coils used in practice is given by 
Fig. 7, which illustrates the gun-metal damping coils, com- 
bined with the outside cheeks of the field bobbins, for the 
synchronous motor of the 500-kilowatt two-phase motor 
generator shown in Plates 3 and 4. The damping strips 
bridging the pole-horns of the rotating magnet wheel are 
cut away centrally, partly because the centre portion is not 
very effective, but principally in order to prevent the ventila- 
tion of the magnet wheel and armature being impaired. 

_ As rotary converters will hunt upon slight provocation, 
such machines should always be fitted with damping coils, 
whatever the nature of the engines. They need only be used 
with synchronous motor generators when the power station 
engines are badly designed, unless lighting is done from the 
same feeders. In this case it will generally pay tà use them. 
With water-power plants they are generally unnecessary for 
either class of plant. On the other hand, if the id are 
very bad they should be used on the generator field p les as 
well, where they will have a precisely similar effect (fov the 
case is similar), and will reduce the synchronising current 
between the generators practically to zero. 

. One result of hunting in the substations is that the 
cutrent in the high-pressure feeders pulsates. As а matter 
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reason of the eddy currents produced in them by the flux 
due to the large leading and lagging armature currents— 
that is to say, as soon as the armature of the rotary or syn- 
chronous motor starts swinging, accompanied by the field 
distortion described above, the opposing flux produced by 
the eddy currents іп the copper strips blows it away from 
between the pole-horns, and the oscillations are thus damped 
out magnetically directly they commence to form. It will 
be observed that the damping coils produce their effect just 
where it is wanted, namely, between the pole-horns. It is 
relatively of little use to put damping coils round the pole 
pieces ; the metal is wanted at the horns of each pole, and 
between the horns of adjacent poles. 

The dimensions of the copper strips connecting the poles 
of the motor or rotary can be varied within wide limits with- 
out making much difference to the damping action. The 
losses in them with actual rotary converters are found to 
vary from o'5 to г’5 per cent. of the output of the machine, 
depending upon circumstances. An idea of the actual 
dimensions of damping coils used in practice is given by 
Fig. 7, which illustrates the gun-metal damping coils, com- 
bined with the outside cheeks of the field bobbins, for the 
synchronous motor of the soo-kilowatt two-phase motor 
generator shown in Plates 3 and 4. The damping strips 
bridging the pole-horns of the rotating magnet wheel are 
cut away centrally, partly because the centre portion is not 
very effective, but principally in order to prevent the ventila- 
tion of the magnet wheel and armature being impaired. 

As rotary converters will hunt upon slight provocation, 
such machines should always be fitted with. damping coils, 
whatever the nature of the engines. They need only be used 
with synchronous motor generators when the power station 
engines are badly designed, unless lighting is done from the 
same feeders. Іп this case it will generally pay to use them. 
With water-power plants they are generally unnecessary for 
either class of plant. On the other hand, if the engines are 
very bad they should be used on the generator field pales as 
well, where they will have a precisely similar effect (fox the 
case is similar), and will reduce the synchronising current 
between the generators pr actically to zero. 

~ One result of hunting in the substations is that the 
current in the high-pressure feeders pulsates. As a matter 
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reason of the eddy currents produced in them by the flux 
due to the large leading and lagging armature currents— 
that is to say, as soon as the armature of the rotary or syn- 
chronous motor starts swinging, accompanied by the field 
distortion described above, the opposing flux produced by 
the eddy currents in the copper strips blows it away from 
between the pole-horns, and the oscillations are thus damped 
out magnetically directly they commence to form. It will 
be observed that the damping coils produce their effect just 
where it is wanted, namely, between the pole-horns. И is 
relatively of little use to put damping coils round the pole 
pieces ; the metal is wanted at the horns of each pole, and 
between the horns of adjacent poles. 

The dimensions of the copper strips connecting the poles 
of the motor or rotary can be varied within wide limits with- 
out making much difference to the damping action. The 
losses in them with actual rotary converters are found to 
vary from o'5 to 1'5 per cent. of the output of the machine, 
depending upon circumstances. An idea of the actual 
dimensions of damping coils used in practice is given by 
Fig. 7, which illustrates the gun-metal damping coils, com- 
bined with the outside cheeks of the field bobbins, for the 
synchronous motor of the 500-kilowatt two-phase motor 
generator shown in Plates 3 and 4. The damping strips 
bridging the pole-horns of the rotating magnet wheel are 
cut away centrally, partly because the centre portion is not 
very effective, but principally in order to prevent the ventila- 
tion of the magnet wheel and armature being impaired. 

_ As rotary converters will hunt upon slight provocation, 
such machines should always be fitted with damping coils, 
whatever the nature of the engines. They need only be used 
with synchronous motor generators when the power station 
engines are badly designed, unless lighting is done from the 
same feeders. In this case it will generally pay tà use them. 
With water-power plants they are generally unnecessary for 
either class of plant. On the other hand, if the engiypes аге 
very bad they should be used on the generator field p les as 
well, where they will have a precisely similar effect (fo the 
case is similar), and will reduce the synchronising current 
between the generators practically to zero. | 

. One result of hunting in the substations is that the 
current іп the high-pressure feeders pulsates. Ав a matter 
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of fact, in accordance with what has already been said above, 
these pulsations occur to a certain extent even when hunt- 
ing is absent, for they are due to the inherent properties of 
the machines. This pulsation of current in the feeders, 
accompanied as it is by corresponding pulsations in the 
pressure, become highly inconvenient if lighting has to be 
done directly from the feeders in question. Тһе case might 
arise, for instance, with a transmission and distribution by 
three-phase currents for lighting and power, combined with 
а direct current distribution from substations for the tram- 
ways. The remedy, first put actually into practice by Mr. 
Kolben in connection with the electricity supply for the 
town of Prague, is to insert choking coils in the high-pres- 
sure substation feeders, these being of the three-phase type 
with common core for three-phase working. Тһе output of 
the choking coil in circuit with each feeder should be about 
3 per cent. of the maximum power absorbed by the syn- 
chronous machinery connected to it. Thus in Prague, for 
instance, in one case a goo-kilowatt substation (with 450 
kilowatts in reserve) is connected by a three-core cable to 
the power house three and a quarter miles away, a three- 
phase choking coil of 25 kilowatts, having an air gap 
adjustable (by packing pieces) to about 0'375 inch, being 
in series with it. Тһе principal dimensions of this coil are 
given in Fig. 8. The fluctuation in the pressure at the sub- 
station end of the feeder when working under the worst 
conditions (no load) is about 3 per cent. with the coils cut 
out, and nothing that can be detected when they are in 
circuit. When the coils are in use, the synchronising 
current between the two synchronous motors of 650 B.H.P. 
is 8 to ro amperes with an input of 60 amperes, and 5 to 
10 amperes at full load (100 amperes), but when they are 
cut out the motor synchronising currents are more than 
double. 

At another substation two and a quarter miles from the- 
power station, having a smaller equipment, namely, two 
180-kilowatt synchronous motor generators (one as reserve), 
there is no synchronising current at all between the 260 H.P. 
motors as long as the choking coils are in circuit. The 
current in this feeder when the sets are well loaded is as 
steady as it would be if asynchronous motors were in use. 


) 
( 
The use of choking coils in the substation feeders has—^ 
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mains, the direct current substations serving only for the 
" 


proved to be of the greatest value in Prague, because all the 
lighting and motor work is done from the same three-phase 
tramways. 

station, that is, on the terminals of the 650 B.H.P. motors, 
only varies between 2,900 and 2,980 volts, and does not 
change with the load, because the synchronising currents 
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proved to be of the greatest value in Prague, because all the 
lighting and motor work is done from the same three-phase 
mains, the direct current substations serving only for the 
tramways. Тһе pressure variation at the 9oo-kilow att sub- 
station, that is, on the terminals of the 650 B.H.P. motors; 
only varies between 2,000 and 2,980 volts, and does not 
change with the load, because the synchronising currents 
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at no load, and 65-70 amperes at full load, the latter figure 
being attained when heavy momentary overloads are ex- 
pected, such as at holiday times, when extra car services are 
run, &c. 

The town of Prague (250,000 inhabitants) has one of the best com- 


bined services in Europe. Тһе whole of the very extended lighting, 
power, and tramway service is carried out from a single power-station 


Ес. 8 (continucd).—Three-Phase Choking-Coil. End Elevation. 


of 15,000 Н.Р. ultimate capacity, 5,000 Н.Р. being now at work. There 
are about 26,000 8-c.p. lamps at present connected directly to the three- 
phase mains, as well as 400 kilowatts of public lighting and many 
induction motors, including several of 100 B.H.P. ; about one hundred 
and sixty American-type cars are supplied from the substations at 550 
volts, the average output for traction being about 1,300 kilowatts at the 
present time. Every consumer having more than sixteen 8-c.p. lamps 
connected up has the three conductors taken to his premises; three- 
phase transformers in strect boxes are used in all cases. The declared 
pressure is 120 volts at 48 cycles, and the minimum and maximum 
pressures any consumer gets at any time of the day are 1185 volts and 
123 volts respectively. 

Тһе electric lighting, power, and traction services in Prague form 
a combined municipal undertaking of assured financial success, although 
but recently set to work. Тһе transmission and distribution is carried 
out with three-phase currents throughout, with perfect success, balancing 
troubles (so much feared in this country by those unacquainted with the 
practical working of three-phase systems) being entirely unknown. 


Great care has been taken by Mr. Kolben with regard to 
the design of the power-station engines at Prague, as the 
successful operation of such a combined system depends 
first of all upon their good qualities. With regard to 
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governing, they are practically faultless, while the speed 
variation in one revolution (that is to say, the total variation, 
above and below the mean speed) does not exceed I in 250; 
the engines are of the triple expansion horizontal two-crank 
type, rated at 1,000 B.H.P. at go revolutions per minute, 
the flywheel effect! being 12,700 foot ^- tons, in order to 
attain this. 

The use of choking coils in the substation feeders 
may perhaps be thought objectionable, оп account of the 
increased losses апа pressure drop brought about by their 
use, but a little reflection. will make it evident that this dis- 
advantage 15 but trifling, and far more than counterbalanced 
by the advantage of doing away with all pulsations in the 
pressure. Тһе full-load loss in a large choking coil is not 
more than about 3 per cent., and the inductive drop under 
usual working conditions, say 4 рег cent. With the above- 
mentioned 25-kilowatt choking coils, the full-load loss is 
only 8oo watts, and the pressure drop бо volts (assuming 
the motors to be working at minimum excitation), and 
consequently their influence in impairing the efficiency or 
regulation of the system is insignificant. Naturally, it is 
far better to place the required reactance outside the 
generators than to design the ане with large reaction апа 
consequent drop. 

From what has been said above, it will be readily seen 
that if rotary converter or synchronous motor generator 
substations have to be supplied from a steam-driven power 
station, very great care must be taken to prevent oscillations 
in the relative motions of the generators running in parallel, 
with the consequent interchange of synchronising currents. 
These oscillations can be started by the natural variations 
in the turning moment during the revolution, or by the 
after-effects of a bad parallel, or short circuit, &c., and 
are assisted by field distortion, by insufficient armature 
impedance, by quick -acting governors, by very heavy 
magnet wheels, and of course by faulty design, such as 
short connecting rods, defective steam distribution, want of 
balance, &c. Given well-designed engines, it will generallv 


| By “flywheel effect" is to be understood the very convenient Conti- 
nental detinition (not the kinetic energy of the rotating magnet wheel), 
namely, W x D?, where W =the weight of the wheel in tons, and 
D =.me¢un sliameter of the flying masses іп feet. 
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be found that the trouble, when it is present, is due entirely 
to the governors assisted by the momentum of the magnet 
wheels and by the attempts of the generators themselves to 
attain their proper phase relations ; the cure for it consists 
in adjusting the governors in such a manner that they are 
absolutely unresponsive to very quick variations in the 
speed. 

The reason is probably as follows. If the governors are 
extremely sensitive, they will endeavour to compensate for 
the unavoidable momentary speed variations due, for 
instance, to the steam impulses; as the speed increases 
during the impulses the cut-off will be earlier, while as the 
speed falls between the impulses the cut-off will be later. 
But the governor will overdo this, as is well known: it 
admits, for instance, more steam than is wanted to bring up 
the speed, causing the engine to accelerate, and vice тед. 
—and іп this matter it is helped by the momentum of the 
magnet wheels. What appears to happen is that a small 
relative oscillation of the revolving magnet wheels is started 
from unavoidable causes—that is, it is brought about by 
variations in the turning moment—which would, under 
ordinary circumstances, be completely taken care of by the 
momentum of the magnet wheels. Owing, however, to the 
sensitive governors of the engines in parallel, the oscillation 
is not only kept going, but is actually increased by the lag 
of the governors in conjunction with the action of the 
periodic puffs of steam admitted to the engine cylinders by 
them. Of course these oscillations of the moving parts 
of the generators cause phase displacements between the 
respective E.M.F. waves, which may be sufficiently large to 
cause the machines to become unstable. In any case, large 
synchronising currents will pass between the machines, and 
the oscillations reappear in the substations, starting hunting 
of the motors or rotaries, as above described. | 

Ц is found in practice that the amount of the relative 
motions of the generators can be reduced to practically 
nothing if the governors can be prevented from responding 
to slight quick changes in the speed, and this, of course, 
is a matter of suitable governor dash-pots. Each engine 
governor should be fitted with a dash-pot of such a nature 
that no alteration will be made in the engine cut-off, unless 
the force acting on the governor is continued. Obviously 
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governing, they are practically faultless, while the speed 
variation in one revolution (that 15 to say, the total variation, 
above and below the mean speed) does not exceed I in 250; 
the engines are of the triple expansion horizontal two-crank 
type, rated at 1,000 В.Н.Р. at оо revolutions per minute, 
the flywheel effect! being 12,700 foot *- tons, in order to 
attain this. 

The use of choking coils in the substation feeders 
may perhaps be thought objectionable, on account of the 
increased losses and pressure drop brought about by their 
use, but a little reflection will make it evident that this dis- 
advantage is but trifling, and far more than counterbalanced 
by the advantage of doing away with all pulsations in the 
pressure. The full-load loss in a large choking coil is not 
more than about 3 per cent., and the inductive drop under 
usual working conditions, say 4 per cent. With the above- 
mentioned 25-kilowaft choking coils, the full-load loss 15 
only 800 watts, and the pressure drop 60 volts (assuming 
the motors to be working at minimum excitation), and 
consequently their influence in impairing the efficiency or 
regulation of the system is insignificant. Naturally, it is 
far better to place the required reactance outside the 
generators than to design the latter with large reaction and 
consequent drop. 

From what has been said above, it will be readily seen 
that if rotary converter or synchronous motor generator 
substations have to be supplied from a steam-driven power 
station, very great care must be taken to prevent oscillations 
in the relative motions of the generators running in parallel, 
with the consequent interchange of synchronising currents. 
These oscillations can be started by the natural variations 
in the turning moment during the revolution, or by the 
after-effects of a bad parallel, or short circuit, &c., and 
are assisted by Не distortion, by insufficient armature 
impedance, by quick-acting governors, by very heavy 
magnet wheels, and of course by faulty design, such as 
short connecting rods, defective steam distribution, want of 
balance, &c. Given well-designed engines, it will generally 


! Ву “flywheel effect" is to be understood the very convenient Conti- 
nental definition (not the kinetic energy of the rotating magnet wheel). 
namely, W x D?, where W =the weight of the wheel іп tons, and 
D = mean diameter of the flying masses in feet. 
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be found that the trouble, when it is present, 15 due entirely 
to the governors assisted by the momentum of the magnet 
wheels and by the attempts of the generators themselves to 
attain their proper phase relations; the cure for it consists 
in adjusting the governors in such a manner that they are 
absolutely unresponsive to very quick variations in the 
speed. | 

The reason is probably as follows. Ш the governors аге 
extremely sensitive, they will endeavour to compensate for 
the unavoidable momentary speed variations due, for 
instance, to the steam impulses; as the speed increases 
during the impulses the cut-off will be earlier, while as the 
speed falls between the impulses the cut-off will be later. 
But the governor will overdo this, as is well known: it 
admits, for instance, more steam than is wanted to bring up 
the speed, causing the engine to accelerate, and vice versá. 
—and in this matter it is helped by the momentum of the 
magnet wheels. What appears to happen is that a small 
relative oscillation of the revolving magnet wheels is started 
from unavoidable causes—that is, it 15 brought about by 
variations in the turning moment—which would, under 
ordinary circumstances, be completely taken care of by the 
momentum of the magnet wheels. Owing, however, to the 
sensitive governors of the engines in parallel, the oscillation 
is not only kept going, but is actually increased by the lag 
of the governors in conjunction with the action of the 
periodic puffs of steam admitted to the engine cylinders by 
them. Of course these oscillations of the moving parts 
of the generators cause phase displacements between the 
respective E.M.F. waves, which may be sufficiently large to 
cause the machines to become unstable. In any case, large 
synchronising currents will pass between the machines, and 
the oscillations reappear in the substations, starting hunting 
of the motors or rotaries, as above described. 

It is found іп practice that the amount of the relative 
motions of the generators can be reduced to practically 
nothing if the governors can be prevented from responding 
to slight quick changes in the speed, and this, of course, 
is a matter of suitable governor dash-pots. Each engine 
governor should be fitted with a dash-pot of such a nature 
that no alteration will be made in the engine cut-off, unless 
the force acting on the governor is continued. Obviously 
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the worst dash-pot to use is an air dash-pot; and the 
best a modified form of grease dash-pot; on the other 
hand, if very thick grease is used, in order to prevent the 
governor taking notice of short, sudden speed variations, 
the governor may be rendered so very sluggish that it 
becomes insensitive to speed variations of a permanent 
nature, causing objectionable variations in the frequency. 
It would certainly appear that something more than an 
ordinary dash-pot is required, and that these necessary 
fittings for the governors of large slow-speed engines might 
be profitably designed in accordance with the requirements 
for perfect parallel running of the generators. It 1s a point 
that does not appear to beas well recognised asit should be. 

The fitting of special dash-pots to the engine governors 
reduces the swings of the generator magnet wheels to zero, 
or practically so, by preventing the admission of steam by 
the expansion valves during the periods of swing. It might 
happen, however, that the remedy in a particular case could 
not be applied for special reasons, and in this case the only 
remaining way of decreasing the amplitude of the oscilla- 
tions would be to use damping-coils between the field-poles 
of the generators. The oscillations causing the phase 
differences between the E.M.F. waves of the various 
machines are accompanied by field distortion, just as 
described in connection with the substation machinery, 
and consequently they can be damped out in their early 
stapes by the same means. On very large slow-speed 
generating sets it is quite certain that it will pay to use such 
damping coils on the generators ; they should be applied as 
shown in Fig. 6 or in a similar way. 

On account of the bending of the shafts, it is of 1m- 
portance with machines of »very large size to arrange the 
generators іп such a manner that they are unaffected 
thereby. Experience with such machines shows that no 
matter what size the shaft is made, the arrangement of the 
generators outside the engines is not so good from the 
point of view of parallel running as that of putting the 
generators between the cranks, arranging the cylinders (if 
necessary) tandem fashion in order to allow of this being 
done. With a given cyclic irregularity, the two cranks 
should preferably be set at an angle of 180 degrees to 
one another, . 
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With regard to the governing of the engines driving 
the power-station generators, іп order to be able to dis- 
tribute the load properly, this should not be too close. It 
is in general quite sufficient if the speed does not rise 
more than 2 per cent when the load is decreased suddenly 
from full-load to half-load, or from half-load to no-load, 
and vice-versá. Of course, this change of speed must not 
be accompanied by the slightest hunting or irregularity, 
and the governors must control the engines perfectly 
when the latter are running at no-load with stop-valves 
full open. 

The question of the permissible speed variation in one 
revolution or “сусіс irregularity" is an important one, 
for to a certain extent it determines the amount of metal 
that must be put in the rim of the generator magnet 
wheels. The whole question turns upon the frequency 
employed—at a given speed a far better engine is required 
for high-frequency generators than for those of low-fre- 
quency, as is well known now. With a given type and 
speed of engine, the lower the frequency the better the 
parallel running, because a low frequency implies a smaller 
number of field-poles, and consequently the speed variation 
in the revolution. causes a smaller phase displacement 
between the E.M.F. waves of the different machines in 
parallel, meaning smaller synchronising currents and greater 
stability of running. : 

The amount of * cyclic irregularity " permissible depends, 
then, upon the permissible phase displacement, and this 
depends, to a certain extent, upon the nature of the work. 
Thus for feeding rotary converters, which may be con- 
sidered as being the most unfavourable case in practice, 
the phase displacement at any load should not exceed 
2 degrees; that 1$ to say, a point on the rotating magnet 
wheel may not differ more than $ from the position it would 
have if the rotation was perfectly uniform, “р” being the 
number of pole pairs. Thus consider the case of a standard 
power generator of 2,000 kilowatts at 25 cycles and 83 
revolutions per minute ; the number of pole pairs (р) would 
be 18 ; the permissible “ cyclic irregularity " must not exceed 
I /9—that i IS to say, a point on the rotating magnet wheel of 
the generator must not be more than o'11 of a degree in 
advance of, or behind, the point corresponding to absolute 
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uniformity at the same speed. Thus the total “ cyclic 
irregularity” or angular variation in this case would be o'22 
degrees ; had the frequency been 50 ' would have been 
o'11 degrees for the same phase displacement of the E. M.F. 
waves, necessitating a much greater flywheel effect in this 
case. 

Of course if the generators have a larger armature 
reaction than is usual, the permissible phase displacement 
can be greater for the same synchronising current. It must 
always be borne in mind that with generators running in 
parallel опе may be ahead and another behind by the 
amount of the maximum “cyclic irregularity,” so that the 
amount by which the two E.M.F. waves are out of phase 
depends upon twice this—that is, it depends upon the total 
amount of variation in this case; the synchronising current 
will be proportional naturally to the sine of this total angle 
of phase displacement—in the case taken above, to sine 
4 degrees. 

In accordance with what has been said before, the 
variation in angular velocity during a revolution should be 
kept within the permissible limits with the minimum weight 
of magnet wheel ; that is to say, the desired result should be 
attained rather by careful design of the engines than by very 
large flywheel effects. If this point be attended to, if the 
governor dash-pots are suitably designed, and if the pressure 
regulation of the generators is not too close, there will be 
no trouble from hunting either in the power station or in 
the distant substations. 

These remarks regarding the governing, speed variation, 
&c., of engines for power work can be concluded with the 
illustrations given in Fig. 0. The “ tachograms " а, b, and 
c, are as nearly as possible exact reproductions of the 
records obtained by means of a Horn tachograph from one 
of the тооо-Н.Р. engines referred to on page 742. The 
variations іп the anguldr velocity during the revolution 
are quite clear—the three records represent three different 
adjustments of the engine governor after the engine and 
generator had been erected. It will be seen that after the 
governor had been properly adjusted, the total variation (up 
and down) in the speed does not exceed 0°3 of 1 per 
cent. or the “cyclic irregularity " of the engine does not 
exceed o'15 of 1 per cent. up or down. Тһе Horn 
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uniformity at the same speed. Thus the total “ cyclic 
irregularity” or angular variation in this case would be 0°22 
degrees ; had the frequency been бо ‘it would have been 
o'11 degrees for the same phase displacement of the E.M.F. 
waves, necessitating a much greater flywheel effect in this 
case. 

Of course if the generators have a larger armature 
reaction than is usual, the permissible phase displacement 
can be greater for the same synchronising current. It must 
always be borne in mind that with generators running in 
parallel one may be ahead and another behind by the 
amount of the maximum “cyclic irregularity,” so that the 
amount by which the two E.M.F. waves are out of phase 
depends upon twice this—that 15, it depends upon the total 
amount of variation in this case; the synchronising current 
will be proportional naturally to the sine of this total angle 
of phase displacement—in the case taken above, to sine 
4 degrees. 

In accordance with what has been said before, the 
variation in angular velocity during a revolution should be 
kept within the permissible limits with the minimum weight 
of magnet wheel ; that is to say, the desired result should be 
attained rather by careful design of the engines than by very 
large flywheel effects. If this point be attended to, if the 
governor dash-pots are suitably designed, and if the pressure 


regulation of the generators is not too close, there will be 


no trouble from hunting either in the power station or in 
the distant substations. 

These remarks regarding the governing, speed variation, 
&c., of engines for power work can be concluded with the 
illustrations given in Fig. 9. The “ tachograms” a, b, and 
c, are as nearly as possible exact reproductions of the 
records obtained by means of a Horn tachograph from one 
of the 1ooo-H.P. engines referred to on page 742. The 
variations in the angulár velocity during the revolution 
are quite clear—the three records represent three different 
adjustments of the engine governor after the engine and 
generator had been erected. It will be seen that after the 
governor had been properly adjusted, the total variation (up 


and down) in the speed does not exceed o'3 of I per 


cent. or the “cyclic irregularity ” of the engine does not 
exceed о15 of г per cent. up or down. The Horn 
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tachograph does not appear to be so well known in this 
country, as it should be. It 1$ an extremely useful instru- 
ment, whose indications represent with sufficient accuracy 
what the engine is doing during the revolution. This is 
exactly what the electrical engineer wants to know 
in connection with the commercial problems of parallel 
running. 


III.—RELATIVE COMPARISON OF THE DIFFERENT TYPES 
OF SUBSTATION CONVERTERS. 


From what has already been said about the three classes 
of substation equipment, a good general idea can be formed 
of their relative advantages and disadvantages. From the 
point of view of simplicity and ease of operation asyn- 
chronous converters are far ahead of the two types of 
synchronous machines. But thisadvantage is gained at the 
expense of plant efficiency, and consequently, simply on 
account of the lagging currents incidental to their use, this 
type of converter is unsuitable for work of any magnitude. 
It will continue to find its chief use in connection with 
schemes for the conversion of power for lighting and tram- 
ways, where the total amount of power to be transmitted 
and distributed is relatively small, and where the substation 
converters do not exceed 150 kilowatts in size. 

Synchronous motor generators, on the other hand, are 
ideal machines for the work in many respects. High power- 
factors over the whole of the system are assured; there are 
no complications in working, and по parallel-running 
troubles need be feared, provided a fair amount of care has 
been taken with the design of the plant in the first instance. 
Moreover, these machines possess (in common with the 
asynchronous converters) two very great advantages, the 
first being that they can be operated equally well from 
circuits of any reasonable frequency, there being no 
difference in the performance of the motors for frequencies 
between 25 and 60 cycles. The second great advantage is 
that the regulation of the direct-current pressure can be 
performed in well-known ways with the greatest ease, and 
not only this, but the direct-current pressure is tndependent 


of the pressure fluctuations at the ends of the long, high- 
pressure feeders. 
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Both asynchronous and synchronous motor generators 
are efficient types, the efficiency of the asynchronous motor 
being generally about г per cent. less than the syn- 
chronous machine, while the efficiency of the latter will be 
about the same as that of the direct-current generator of 
equal size driven by it. Both classes of machine require 
simple switch gear, and very little of it, the advantage 
being with the asynchronous machine, on account of the 
simple starting arrangements. 

Rotary converters are on the same footing with regard 
to starting and power-factor as synchronous motor generators, 
and have two great advantages over either form of motor 
generator—they are 4 to 5 per cent. more efficient at 
all loads, and possess a greater overload capacity. They 
are, on the other hand, extremely sensitive with regard 
to parallel running; with regard to fluctuations in the 
feeder pressure, moreover, their manner of operation is by 
no means simple, and the arrangements for regulating and 
running are in general somewhat complicated ; this is on 
account of the special regulating arrangements and extra 
switch gear required for the step-down transformers and 
auxiliary devices. 

With regard to the important points of floor space 
required, and first cost, there is very little to choose between 
the different types of machines. Comparing the machines 
alone, there is of course a considerable advantage in favour 
of the rotary converter, but the additions to the latter 
equipment in the shape of transformers, air-blast outfits 
(when used), special regulators, and extra switch gear, bring 
up the cost of a rotary converter equipment to very nearly 
the same figure as that for the synchronous motor generator 
equipment ; the asynchronous converter equipment is some- 
what dearer than the latter as a rule. 

The table given on the following page serves to illustrate 
the above-mentioned points in a practical way. Examples 
given are taken from practice, and the machines (built in the 
same works) are compared upon exactly the same basis with 
regard to conditions of operation, such as speed, frequency, 
voltage, &c. Тһе case selected to illustrate what has been 
said is an actual combined lighting and power scheme, 
current for lighting purposes being taken from the high- 
pressure feeders en route to the substations, as well as from 
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the latter— hence the frequency. Тһе case is somewhat 
unfavourable to the motor generators, as these machines 
were arranged with a generator at each end of the motor 
shaft, having half its output; consequently the floor space 
required 1$ greater, and the cost more, than would have been 
the case had each motor driven a single generator of equal 
output. 

It will be seen that with the larger machines the only sub- 
stantial advantages of the rotary converter compared with the 
synchronous motor generator are those of greater efficiency 
and overload capacity. These are, of course, of very great 
importance, but for many purposes the greatly superior 
performance of the synchronous motor generator from the 
points of view of simplicity, parallel running, and pressure 
regulation must be carefully balanced against them. 


Before concluding a word or two must be said with | 


regard to the performance of rotary converters of large size 
at different frequencies. It 15 not too much to say that the 
limit of successful operation of these machines is reached at 
40 cycles ; above this frequency there is no doubt whatever 
in the author's mind that in all cases the best type of 
converter to employ in the substations is the synchronous 
motor generator, whatever the nature of the work. Above 
the frequency of 40 cycles there are two great difficulties in 
the way of successful working—good parallel running of the 
rotaries becomes extremely difficult, the machines hunting 
at the slightest provocation, and the question of commutation 
becomes a very difficult one to solve in a satisfactory manner. 
As already pointed out in connection with the generators, 
the lower the frequency the better the parallel running, for 
with a given angular displacement the phase difference 
between the E.M.F. waves of the various machines 18 
smaller. The same argument applies equally to the case of 
the rotary converter, for in order to put the high-frequency 
machine on the same basis as the low-frequency machine in 
this respect, it would be necessary to have the same number 
of poles in each machine, meaning that a machine operating 
at со cycles would have to run at double the speed of а 
machjne of the same output operated at 25 cycles. This is 
of course impossible, on account of mechanical considera- 
tions, the principle difficulty being the commutator. If on 
the one hand the peripheral speed of the commutator 
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COMPARISON OF SUBSTATION MACHINERY. 


Transmission : 3-phase at 5,500 volts between lines and 40 cycles. 


Distribution : 3-wire at 510 volts between outers, neutral conductor 
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Rotary Converters 
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Motor generator. Motor generator. 
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is too great, the use of carbon brushes is rendered very 
difficult, and also the segments may buckle, while on the 
other hand, as the number of segments required 1$ practically 
fixed (by the permissible voltage per bar), these would 
become too thin if the diameter of the commutator is less 


` than a certain amount. The higher the direct-current 


pressure, the greater the difficulties in this respect. The 
nett result is that with high frequency the number of field 
poles on the rotary has to be increased, the diameter of the 
armature has to be increased (which means increased 
momentum), and also the armature reaction of the machine 
has to be made larger, in order to get a proper division of 
the current in the various branches of the armature. All 
these features, common more or less to the high-frequency 
rotary, namely, crowded poles, high peripheral speeds, high 
armature reaction, thin commutator segments, high voltage 
per bar, short distance between brush holders, &c., are 
wholly unfavourable to successful parallel running and good 
commutation, to say nothing of the increased wear and tear 
due to abnormally high speed. It is for this reason that a 
frequency of 25 cycles has been standardised for rotary 
converter work, and at this frequency the machines are 
undoubtedly satisfactory. Between 30 and до cycles their 
performance is still good under favourable conditions (that 
is, proportionately better engines, high speeds and low 
voltages), while above до cycles the use of the rotary con- 
verter, in units of large size, would appear to be practically 
out of the question. 

Low frequency of operation, such as 25 cycles, while 
satisfactory, if the whole output of the power-station is to 
be absorbed by the converter substations, is undesirable 
if other work has to be done in addition. Generators, 
motors, and transformers become unduly heavy and 
expensive, and lighting work from the alternating current 
mains is out of the question. But, on the other hand, 
all parallel running is better, and all inductive effects in 
generator, line, transformers, and motors, diminish with low 
frequency, resulting in improved regulation over the whole 
system. Taking all these things into account, modern prac- 
tice has shown that a frequency of 40-50 cycles 15 the best 
that can be employed for the work in question ; a departure 
from this in order to suit the requirements of the rotary 
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converters in the substations constitutes іп itself а dis- 
advantage which is not present when motor generators are 
used for the same work. 


CONCLUDING REMARKS. 


Given that it is required to convert polyphase current 
into direct current by means of converting substations, it 
is possible, based upon the considerations noted in the 
paper, to draw the following general conclusions :— 

т. For power work, and for those cases where the 
amount of lighting to be done 1$ relatively sinall, rotary 
converter substations operated at 20-30 cycles are pre- 
ferable. 

2. For lighting work, the use of motor generators, 
operated at 40-50 cycles in the substations, will give the 
best results. This is also the case when the lighting load on 
the substation forms a considerable proportion of the total 
output of the latter. 

3. Of the two classes of motor generator substation that 
equipped with asynchronous machinery is on the whole 
unsuitable for work of any magnitude. 

The above conclusions may perhaps forin a basis for 
discussion, but they must not be considered as being 
perfectly definite, оп account of the widely different con- 
ditions that are met with in modern practice. Finally, the 
author would like to suggest in this connection that the 
discussion might profitably include the broad question of 
the transformation and distribution of large amounts of 
polyphase current for supply over large areas, for it is one 
of the most important questions of modern electrical 
engineering. Although in many cases direct-current sub- 
stations are undoubtedly advisable, still in many cases the 
direct distribution of polyphase current from simple trans- 
former substations will undoubtedly be the best solution, 
not only from the technical, but also from the commercial 
point of view. 


Mr. M. В. Ето: I did not come here to-night with the 
intention of speaking, and of course I had no idea that I should be 
called upon to open the discussion. Unfortunately I have only scen 
the paper for a few minutes, and owing to the fact that merely an 
abstract has been read to-night I have only a very small idea of its real 


- 


Mr. Field. 


сайы” m, eme ch в: 


Mr. Ficld. 


754 EBORALL: SOME NOTES ON POLYPHASE [March 14th, 


contents, so that under the circumstances it is quite impossible for me 
to discuss it adequately. Itseems to me, however, to be a paper con- 
taining a large amount of useful information, and to contain a number 
of points which might very profitably be discussed at length. 

I think American engineers, after a large amount of experience, 
have come to the conclusion that the correct substation converter to 
use is the rotary, provided the frequency be low. With rotary converters 
25 cycles give the best results ; the full-load efficiency may be taken at 
95 per cent. ог 93 per cent. with transformers. This is certainly higher 
than that of any other type of converter. A good rotary may be started 
up with not more than 30 per cent. above full-load current, and will 
stand 24 times full load without the least instability. 

With frequencies above 30 it begins to be questionable as to 
whether motor generators are not on the whole as favourable as 
rotaries ; after 50 cvcles rotaries are likely to give trouble, though the 
Westinghouse Company do not hesitate to build them up to бо cycles. 

The Metropolitan Railway Company in New York transform, I 1. 
some 60,009 Н.Р. by means of rotaries without the least difficulty ; i 
Glasgow some twenty-four rotaries of 500 kw. each have already Бен 
put down. 

In the latter case each rotary is direct: connected to a booster of 
30 kw. to be connected to the rail return cables ; the rotaries are com- 
pound-wound and have no independent regulating devices other than 
the field rheostats іп the shunt circuits. Тһе transformers are specially 
designed to have a large self-induction ; in fact, they would show a 
I2 per cent. drop on full-load inductive current. The effect of this 
self-induction is to raise or lower the terminal E.M.F. in the secondary 
according as the current is a leading or lagging one, this being deter- 
mined by the degree of excitation of the rotary. Thus by varying thc 
excitation of the rotary the ratio of transformation of the transformers 
is virtually varied and adjusted. 

Mr. Eborall laid considerable stress on placing the damping copper 
bridges between the poles, and he states, I believe, that it is uscless to 
place them round the poles. 

Here I disagree with Mr. Eborall. Many makers adopt heavy 
copper rings round the poles, using them to hold the pole windings in 
place. These rings are thickened up materially at the pole horns and 
often envelope the latter. Now if the pole flux be not abnormally 
distorted the whole flux will pass through the ring, and before it can be 
blown outside it must cut across the ring. Тһе currents thereby called 
into being react upon the field and prevent it becoming distorted to 
any extent. Moreover, by enveloping the pole tips with the copper 
rings, rapid variations of flux at these parts are prevented. 

Тһе question of substation converters for higher frequencies, say 50 
cvcles, is an interesting one, and I think a workable combination would 
be pairs, each consisting of one powerful synchronous and one non- 
synchronous motor generator—the former to be over-excited and thus 
compensate for the lagging current of the latter. This would give 
a substation very easy to start up, stable as regards running and 
overloads, and giving a power-factor of approximately unity. 
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Ц occasionally occurs that a rotary is required to be run the reverse 
way. This is somewhat a dangerous proceeding, unless adequate 
precautions be adopted, for if the current taken from the slip-rings be 
a lagging one, the field becomes demagnetised and the rotary speeds 
up perhaps to a dangerous degree. Іп any case the variation of fre- 
quency is objectionable. 

In Dublin a rotary is often run in this way reversed (1.2., fed with 
continuous current), and the method adopted to overcome the difficulty 
mentioned above is interesting. 

Connected to the main rotary, which is compound-wound, is an 
auxiliary rotary with the same number of poles, and fed with three-phase 
currents by means of three-series transformers placed in the main 
three-phase line. The commutator of the auxiliary merely supplies the 
compounding current for the main rotary. The auxiliary has no field 
winding, the magnetism being supplied by the current in its armature. 

If, now, when the line current is in phase with the supply E.M.F. 
the auxiliary field system be turned into such a position that it does 
not become magnetised by the armature currents of the auxiliary 
rotary, when the main current is lagging the auxiliary field system will 
be magnetised in the one direction, and when leading the auxiliary 
field system will be magnetised in the reverse sense. Under these 
circumstances a corresponding compounding or decompounding cur- 
rent will flow from the auxiliary brushes round the field magnets of the 
main rotary. In Dublin the speed variation with this arrangement is 
never more than two or three revolutions. Тһе auxiliary rotary will 
have an output of, say, 3 to 1 per cent. of the main rotary ; that is to say, 
it is quite a small affair. 

On page 716 Mr. Eborall gives me credit for a particular form of 
regulator. I believe this is quite an old idea, and has been in vogue in 
America for years. I believe I hit upon it independently, but do not 
take credit to myself for originality in this respect. 

Dr. SILVANUs THOMPSON: The author on page 710 speaks of certain 
advantages of the mesh-connection for three-phase work over the star- 
connection. Some of these advantages were certainly known before, 
but I do not remember their ever having been previously stated in any 
published paper. Therefore whether they were known before or not, 
our thanks are certainly апе to him for stating them now. 

With respect to the use of damping coils between the pole faces 
whicli is mentioned on page 736, I was about to draw attention to this 
point, but Mr. Field has already to some extent dealt with it. WhileI 

agree with Mr. Field that there is some advantage in putting a thick 
copper coil around the pole, I do not stop there, because that arrange- 
ment certainly does not ensure the whole advantage. You may have a 
reaction due to lagging or leading current, which tends decidedly to 
demagnetise the poles by distorting the magnetism to one side апа 
producing an unequal distribution over the face, quite independently of 
any production, by an auxiliary distortion, of a magnetic field in the 
space between the poles. I think that I am not wrong in saying 
that thc distortion actually over the pole surface itself, within the 
area of an enclosing coil, might be quite sufficient to admit of the 
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instability known as hunting. Therefore the remedy is not necessarily 
either to put the ring of copper round the pole face, or to put copper 
damping coils between the pole faces. The real and complete remedy 
is, I believe, the original one, viz., that which I emphasised in my address 
here a year and a half ago—the use of an amortisseur on the plan of 
Leblanc, which consists in putting a number of closed copper circuits, 
like a squirrel-cage, embedded in the pole face, so that there are 
circuits through the pole faces, as well as round them and between 
them. That this is of some usc is obvious from the way in which 
amortisseurs are gradually coming into practice. Take for example 
the largest of all the three-phase machines exhibited in the Paris 
Exhibition last autumn. I mean the very large three-thousand kilo- 
watt machine which was exhibited by the Allgemeine Company of 
Berlin, and of which several were built for the purpose of their 
large new station at Ober Schónweide. These machines had the 
pole faces pierced with five holes from front to back—five holes of 
different sizes, with five copper rods inserted, one through each hole. 
The ends of those copper гбаз united together, making practically a 
squirrel-cage embedded in the pole. I fancy this would be found far 
more effectual than merely putting copper wedges between the poles, 
or copper rings around the pole faces. 

Another matter mentioned by Mr. Eborall on pages 739 and 740 is 
that of the use of three-phase choking coils. He mentions as a point of 
some interest that among the disturbing effects of the capacity of lines 
is this tendency to accentuate any hunting in the machine. The use of 
choking coils placed across the machine circuit, for the purpose of 
obviating this, is distinctly interesting. I know that Mr. Mordey has 
been at work on this question of the idle current in the net work, and it 
also interests me because I happen in 1893 to have pointed out an’ 
advantage in a three-phase distribution (where there was, of course, 
а capacity between the three lines) of putting in three-phase choking 
coils distributed at regular intervals along the capacity. 

Then coming down to the question of the variation of speed of 
engines, this is a matter that I happen to have been discussing lately 
with my colleague, Professor Dalby, who has touched upon it in his 
recent lectures on the Balancing of engines. In those lectures Professor 
Dalby gave some data about the amount of variation of speed for engines 
of different types. I do not remember to have seen anywhere published 
any exact data about the variations of angular speed of engines of 
different types under different circumstances. I should like to put 
to some of those who are interested in engine speeds this question, 
as being one on which it is most important that we should have as 
full information as possible: What kind of a specification for an engine 
can be drawn up so as to ensure that the cyclic irregularity shall not 
exceed the permissible minimum ? and what means are there, beside 
the Horn Tachograph, of measuring, of indicating, or of recording, on 
any given engine-set, the amount of cyclic variations under different 
couditions ? 

Lastly, I want to thank Mr. Eborall for having given us such a com- 
plete statement of the case for these combined motor-generator sets. 


—— = -— 
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It was my lot rather more than two years ago to read a paper here on 
the other solution of this problem, namely, that of the rotatory con- 
verter. Certainly Mr. Eborall has made out a good сазе for the 
employment of motor-generators under the conditions that he con- 
templates of supplying large quantities of electric energy by а 
three-phase system, at a high voltage, with substations for the 
purpose of converting to continuous-current. After all, does it not 
remain to be proved that whether you use rotatory converters, or 
whether you use these combined motor-generators, you will after all 
only make the best of what is not in itself a very perfect job? You are 
putting down into substations a quantity of revolving machinery which 
requires incessant attention ; and if you can by simplifying your system 
get rid of all the revolving machinery in intermediate stations between 
the generating station and the consumer, so much the better for the 
system and so much the better in the long run for the engineer and for 
the industry. I regard аП this revolving machinery іп intermediate 
Stations as a kind of temporising with that which after all is not a 
perfect or satisfactory solution of the problem. I look forward to the 
time when we shall do without it. There are many wavs of doing it, 
of course ; but one way is certainly first to simplify matters, not using 
continuous-currents at all, but doing everything while you are about it 
by the three-phase current. I know it is an old question and a sore 
question. It is a question which we have discussed here, and a question 
which our Manchester friends have discussed in their own way. They 
have come to a somewhat surprising conclusion—or, perhaps, a conclu- 
sion not surprising at all, if they have got such extraordinary ideas as to 
suppose that continuous-current motors are either lighter, more regular 
in speed, more efficient, ог more cheaply made than three-phase 
machines. If they put their heads in the sand and choose to start 
an argument by the assumption that these things are so, then of 
course they will come to the conclusion that it is better to work with 
continuous-currents, Butif their premises are unsound, the arguments 
are absolutely baseless. That is not, however, the question now before 
us, save in So far as it affects the question whether the disadvantages 
involved in transforming from three-phase to continuous-currents do 
not afford a strong additional reason why the three-phase system in all 
its simplicity should be preserved. Why throw away its advantages for 
the sake of being able to use a kind of motor that is heavier, dearer to 
build, less regular in speed, and which has the additional disadvantage 
of having a commutator that requires attention ? 

Мг. S. 2. DE FERRANTI: I think this paper has done a great deal of 
good in emphasising the extreme complication of the system which is 
required to convert every alternating-current into а continuous. Briefly, 
it leads one to think that the only excuse for employing a continuous- 
current instead of using an alternating-current direct in one form or 
another, is to be found in the case where two companies are in 
competition and where they have to deal with a public feeling that 
continuous-current is much better for the consumer than alternating- 
current, and so have to give it to him, in order to be able to sell at a 
price in competition with the other company. That, to my mind, is the 
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real reason of the existence of so much continuous-current in a great 
city like London. This paper shows how very ingenious people can be 
and what beautiful inventions can be brought out to fit almost every 
possible condition that the working out of the secrets of nature can 
involve. But I think myself that the highest form of cleverness, and 
also the niost permanent good, are got from the simplest possible 
appliances and systems gencrally. I do think with Dr. Thompson 
that all that is shown here is very largely a makeshift in order to 
adapt high-tension alternating generation and transmission to the 
necessity of our present demand. I do not think it is going to be 
permanent, and yet it has already evolved the greatest possible skill 
in meeting the particular case, I think that before long the principal 
cause of the persistence of systems of this class, namely, electric loco- 
motion with a continuous-current, will be supplanted by alternating- 
current locomotives for motor cars, or whatever it may be, running on 
rails. That is the principal demand at present for such a system as we 
have heard discussed here—the competition between various companies 
supplying alternating- and continuous-current. I am not prepared to 
give any opinion about it. My experience in London is that it is a 
matter of the canvassers who Фе engaged, much more than the actual 
value of the stuff supplied. With regard to the technical part of the 
paper, I do not wish that any of my remarks should be taken in any way 
to belittle the very interesting paper which has been given to us to- 
night, or Mr. Field's remarks upon it, which were most interesting. 
With regard to the detail of this subject, the hunting of these con- 
verters or motor-generators, I certainly agree with Dr. Thompson that 
the true solution is the original one invented by Le Blanc, which went 
into the thing very fully. Не is a most profound mathematician, and I 
think that those who know the results that he has obtained will feel 
satished that his mathematics agree very well with practice. 

Mr. W. B. EssoN : Unfortunately, like some of the previous speakers, 
I have only been able to glance at the paper, but I see that it requires 
a considerable amount of attention and study, and without, ong is 
unable to appreciate its full value or discuss it properly. I have only 
had experience of one of the types of substation referred to by Mr. 
Eboral. That is the first, in which are used induction motors with 
direct-current generators coupled one at each end, forming a three- 
wire system. Тһе case to which I refer was not a simple case ot 
transmission from a distance, but a case in which we had to distribute 
the energy through a mixed area, alternating-current being supplied in 
one part and continuous-current in another part, a condition insisted 
on by the Board of Trade in terms of the idea of competition which 
has been referred to by Mr. Ferranti. We fully considered at the time 
the best way of car&ying these conditions out. We had first of .all to 
generate an alternating two-phase current at 3,000 volts, and the 
question then had to be settled as to the best way of converting this 
into а continuous-current. We fully discussed the three different 
methods mentioned by Mr. Eborall—the synchronous motor, the 
induction motor, and the rotary converter. Rotary converters for 
some reason or another do not find favour with engineers in this 
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country. I have had no experience of their working myself, апа 
judging from the experience of some of my friends who have, I am 
not particularly sorry. In our case they were not adopted. The 
induction motor was found to give by far the most simple arrange- 
ment, as Mr. Eborall says, for starting and management, and so it 
was used. "There is one point that we kept in mind which I do not 
think has been referred to by Mr. Eborall. Supposing that for some 
reason or another a temporary short occurs in the distributors. The 
induction motor being now overloaded, slows down, but on the short 
being removed or burning itself out, it at once picks its speed up again, 
whereas with a synchronous motor you would have considerable dif- 
ficulty as regards starting in the event of such a case arising. 

There is one point which must not be overlooked when working 
motors in this way. The regulation must be very fine. If you are 
working induction motors in sub-stations, the ordinary resistance for 
the rotor which admits of the machine starting with a current equal 
to the full load current is of no use. The resistance must be very much 
higher so that quite a fractional current is allowed to flow at the start. 
Otherwise you get fluctuations on the alternating-current portions of 
the system and upset your customers. I should think that for a sub- 
station the usual starting resistances would be quite impossible. 

Coming to details, I think Mr. Eborall in one part of his paper 
mentions an air-gap of a tenth of an inch in an induction motor having 
a 3 feet 9 inch diameter rotor. Well, that is very small indeed. I 
think that it is really too small for safety. Тһе American practice is to 
give a much larger air-gap than that, and the usual Continental practice 
would be to give for a motor of that size quite 50 per cent. more than 
Mr. Eborall mentions. 

In his paper Mr. Eborall gives some pictures of machines, which, 
however, are not described particularly. I refer to the machines 
supplied to the Metropolitan Company. Тһе striking thing about 
Continental machines is that they seem to be so much lighter in weight 
than the English. They appear to have far less material in them, 
and I should like to ask Mr. Eborall what would be the drop in the 
synchronous motor referred to. We are now making machines 
in this country with a drop from no load to full load of two 
and a half or three per cent.; but it would certainly appear 
that this machine has a drop of something like six or eight per 
cent. Of course it is impossible, if we put so much more material 
into our machines, to compete in price with Continental work, and the 
fact is that the English engincers are making machines too good. They 
will have to diminish the size and increase the drop to compete with 
makers on the other side. There is no royal road, of course, to 
diminishing the drop іп an alternator. There are only two methods, 
increasing the strength of the field or diminishing the turns on the 
armature. I know that the field strength is in Continental machines 
pretty much the same as we have it here—about 7,000 c.g.s. units. 
Therefore there must be more turns in the armature, and consequently 
a larger drop. 

Referring to the matter of hunting, I have had a good deal of trouble 
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with this in horizontal engines worked by the usual Corliss trip gear, 
and the trouble was found to be simply due to the fact that the trip 
cams were not of the proper shape. There is a certain difference of 
speed for no load and full load corresponding to the different positions 
of the governor. For each intermediate speed there is a perfectly 
definite position of the governor and a certain cut-off which will 
accord with the particular load corresponding to that speed. Тһе 
great thing is to shape the cams or tappets so that for every position 
of the governor they give the exact cut-off corresponding to the load 
for the particular speed, and unless they are so shaped hunting results. 
I should like to thank Mr. Eborall for the very interesting paper that 
he has given to из. It certainly deserves the most careful study, and 
its appearance is very opportune at the present moment. 

Professor C. A. CARUS-WILSON : I should like to draw attention to 
the question of the momentum of rotary convertrs, more particularly 
to the case of those used for traction work in which the primary circuit 
is well regulated, the irregularities being due to large variations of load 
on the secondary side. Mr. Eborall states that “ the momentum of the 
converters should be kept as low as possible, for this apparently 
indirectly assists hunting." Ав a matter of fact, the momentum 15 
the cause of the cross flux, and is therefore of more importance than 
appears in the paper. When a heavy load is drawn from the secondary 
side of a rotary there is a large disproportion of mechanical torque 
between the two sides of the rotary, giving rise to a large cross flux. 
The same thing can be seen if a brake is put on a rotary while it is 
running and mechanical power taken off the shaft; the immediate 
effect is to produce a cross flux. A rotary working without any 
frictional or torque losses on its own shaft has the torque on tbe 
two sides balanced and has no cross flux. Cross flux is the inevitable 
accompaniment of torque on the shaft, that is, a disproportion of torque 
between the primary and the secondary sides. When a sudden load 
is thrown on the secondary side, as in traction work, a disproportion 
of torque between the two sides is caused by the momentum of the 
armature, which will not allow the primary torque to follow up the 
sudden demand on the secondary side, and this gives rise to a cross 
flux. The greater the momentum of the armature the greater is the 
disproportion of torque between the two sides, and the greater the 
amount of cross flux. It is therefore correct to say that it is entirely 
due to the momentum of the rotating parts that this inequality of torque 
is set up and the cross flux thereby produced. But I venture to dis- 
agree with Mr. Eborall in his conclusion that on that account one 
should reduce the momentum of the rotary as low as possible, because 
while the momentum is the cause of the cross flux it reduces the 
extent of the oscillation caused by a sudden overload. There are 
twol other things beside the mechanical momentum of the armature 
which influence the cross flux. One of these is the resistance of the 
rotary ; the greater the resistance the greater will be the disproportion 
of torque, and therefore the greater the cross flux, The other is the 
strength of the magnetic field ; the stronger the field the less will be 
the disproportion of a torque between the two sides ; that is to say that 
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a strong field counterbalances the effect of large momentum; the 
influence of the field is proportional to the square of the strength of 
the field. That is borne out by Mr. Eborall when he says that with 
an under-excited field the flux is more readily distorted. I cannot 
agree, however, with his explanation of this fact. It is not because the 
field is ''stiff" but because a strong field has an opposite effect to 
mechanical momentum, and the stronger the field the less will be the 
effect of the momentum, so that the cross flux caused by a sudden over- 
load is reduced by a small momentum or a strong field. Some time 
ago a good deal was said about having subsidiary motor-generators or 
motors stationed along the line in order to give relief to the line when 
a very sudden overload was taken and to prevent a drop in the feeders, 
the motors acting as generators when the pressure was lowered. We 
have in the rotary converter just this very thing. Тһе energy stored 
as momentum іп a rotary converter acts as a buffer in preventing 
sudden overloads in the secondary being reproduced in the primary. 
Following out this idea, it appears desirable to adopt that type of 
machinery in substations which will admit of the greatest amount 
of momentum being placed in the rotating parts of the converter or 
motor-generator. 

Mr. E. С. Cruise: My contribution to the discussion will be a very 
small one. In fact, it is more in the nature of a question. However, 
before I ask a question there is just one other point in connection with 
the paper. Mr. Eborall does not touch at all upon the question of 
polyphase transformers as against three single-phase transformers. 
At least he does not touch upon it much in connection with the paper. 
But these kind of transformers are being very much used abroad, and 
it is a question whether they cannot be used in this country. As far as 
I can see, such type of transformers will be considerably more econo- 
mical, take up less floor space, and altogether will be cheaper. "There 
is a certain fear in this country, because if one of the phases breaks down 
the whole transformer is put hors de combat. But I think you might 
carry back the same argument to a certain extent to a three-phase 
generator : if one of the phases is broken down, the generator is also 
put hors de combat, but one would not think of replacing the three- 
phase generator with three single-phase generators for that reason. І 
think that it is largely a question of manufacture and of giving attention 
to it in manufacture. I do not think that it has been thought out at all 
in this country. "They go into these details very much more on the 
Continent than we do, and they have made it a practical success there. 

The other point in connection with the paper is that on page 714 Mr. 
Eborall says that there would be no difficulty whatsoever in the regula- 
tion of synchronous motor-generators. But I should like to ask Mr. 
Eborall whether that assumes that the line pressure is absolutely 
constant; because as far as I can see in these power schemes, one of 
the difficulties would be to keep the line pressure constant, when you 
are feeding, say, half a dozen substations over a considerable length 
from one trunk line. I do not seethat it would be financially possible 
to take a separate feeder to each substation. Of course if you do that, 
there can be no difficulty in regulating the pressure at the substation 
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end. I should like to ask Mr. Eborall, as I say, how far he thinks the 
pressure may vary not to interfere with the working of the synchronous 
motor, because theoretically—I do not know how far it applies in 
practice, but theoretically—the output of the motor ought to vary in 
the relation of the square of the impressed volts, so that if you vary the 
impressed volts very much you have a very difficult state of affairs 
to deal with quite apart from the regulation on the low-tension side. 

Мг. W. Н. PATCHELL : I wish we could have heard Professor Salomon 
on this very interesting paper, and also I would rather that you had 
called on some of the members in the room who have had experience 
with the running of this class of machinery. Up to the present I have 
not had such experience, but I am one of those who would have been 
verv glad to have had Мг. Eborall's paper in their hands earlier. I had 
to look round to sce what could be done, and then had the courage of 
my convictions. You may have a notion from the discussion to-night 
of what I suffered when I sent out my plant inquiry. I had men 
coming round and saying, “You must have three-phase.” Another 
said, “You must have one-phase”; another said, “ You must have 
nothing but rotaries.” Another said, “ You must use statics” ; another 
said, * Do not use statics.” It reminds me of an anecdote that the late 
Mr. Willans told in this room some fourteen years ago. А doctor was 
called in to see a Woman’s child. He did not know what was the matter 
with it, but he said, “I will give it a dose that will give it fits, and 
I know how to cure fits.” It may interest the meeting to know what 
types I settled upon. I first decided that we must do without statics, 
as I quite agree with Professor Thompson that we must have no more 
plant than is absolutely necessary on the premises. My generating 
plant units are large enough to get ten thousand volts directly on 
them without sacrificing either efficiency or prime cost. 

When we come to the substations it is another matter. You have 
to consider what class of work is to be done. If you are doing tram 
work or can supply from very large units in your substations it is 
a very different matter to supplying for lighting in our area. We 
have to supply from somewhat small units, becausc, due to our varving 
loads in different districts, we have a lot of different pressures. I looked 
round for the smallest size of motor I could get wound for 10,000 volts. 
I found 300 kilowatts; so about that size, 300 kilowatts at the motor- 
generator, was what I asked for. Then as between induction-motors 
and synchronous motors we require small machines for balancing, so I 
decided on one induction-motor driving two 150-kilowatt direct-current 
gencrators for the single-pressure machines, and a synchronous motor 
driving one 300-kilowatt direct-current generator for the double-pres- 
sure machines. Thus we get the benefit of induction-motors which 
start rapidly, and also synchronous motors which give a good power- 
factor, and which are arranged to start from the direct-current side. 

It may interest the members, as they are visiting Frankfort in July, 
to know that our plant will be ready for delivery at that time; so I hope 
that they will have the benefit of seeing it when they go to Messrs 
Lahmeyer's works. 

I very much hoped that Professor Salomon would be able to speak 
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on the paper to-night, but perhaps the President will ask him to givc us 
a contribution in writing. 

Mr. C. P. Sparks: I think we Engineers here in England are in 
agreement with the writer of this paper so far as his conclusion No. 2, 
namely, that for general purposes the simplicity derived from the use 
of motor-generators is more desirable than the extra efficiency offered 
by use of rotaries. 

There is one point to which I should like to draw attention, the 
question of distribution from the high-pressure substation. If one has 
a scattered area, with factories here and there, the polyphase system 
can be continued so as to supply both light and power from thc same 
mains. But when we come to a question of low-tension networks there 
is little advantage in using polyphase current, more especially in popu- 
lous districts, owing to the greater expense in laying a polyphase net- 
work compared with a three-wire direct-current network. The only 
reason in favour of the polyphase C.C. networks is difficulty through 
electrolysis, and this has been largely met by the introduction of triple 
concentric cables with the neutral conductor placed on the outside, 
connected to “ Earth." 

Another point in favour of the continuous-current network is that, 
at the moment, although polyphase motors are lighter, and we arc told 
less expensive to manufacturc, no polyphase motor of the usual working 
sizes can to-day be bought for the same price as a direct-current motor. 
This circumstance, coupled with delay in obtaining delivery, severely 
handicaps any company supplying polyphase energy in competition 
with direct-current supply, as no argument can outweigh the fact of 
first cost to the consumer. 

Mr. Н. L. LEAcH (communicated): The author's paper is extremely 
welcome to many electrical engineers in this country who have had 
little or no practical experience, up to the present time, of three-phase 
construction or working ; and the paper will be appreciated by all who 
wish to study the advantages and disadvantages of three-phase trans- 
mission and distribution of electric energy. 

The curves of “ cyclic irregularity " in Fig. 9, obtained by means of 
the Horn Tachograph, are very interesting and instructive. Ав this 
instrument is probably unknown to many engineers in this country, it 
would be advantageous if the author could inform us where it can Бс 
obtained ; it would prove of immense value to our engine-builders and 
central-station engineers. 

Mention was made, in thc author's reply to the discussion, of several 
lighting stations on the Continent where the three-phase system is now 
in use for both the generation and distribution of three-phase currents 
to the consumers’ houses. It would, I think, be of great interest to 
members of this Institution, if Mr. Eborall could supplement his paper 
With a list of some of such central stations, together with particulars of 
the Н.Р., or output, periodicity, pressure of the high-tension trans- 
mission lines and voltage of the supply-mains to the consumers. 

Мг. H. J. Егмакрв (communicated): Since the meeting at which 
Mr. Eborall's paper was read, it has occurred to me that the experience 
gained at the Power-house of the Cleveland Electric Illuminating 
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Company, Cleveland, Ohio, might be of some interest to you. They 
have several rotaries there for charging their large batteries, and at 
first were troubled very much with the hunting spoken of by several 
members the other evening. At first they tried the copper bridges 
suggested by Mr. Steinmetz, but on account of the enormous heating 
of the bridges they displaced the copper ones for similar bridges made 
of aluminium, but without any very satisfactory results, and indeed they 
never effectually got rid of the hunting until they put dash pots on the 
governors of the engines, since when they have had no trouble what- 
ever. Iquite agreed with remarks made by Dr. Thompson and others 
with regard to the idea of doing away with all such troublesome acces- 
sories as rotaries, etc., but in view of the perfection of the Electric 
Motor Carriage and the coming demand for the same, there must be 
some way of establishing charging stations, either public or private. 
With this in view, the Automobile Department of the Cleveland Screw 
Company, with whom I am now connected, have very satisfactorily 
developed a small rectifier for this purpose. 

Mr. Н. C. LEAKE (communicated): Mr. Eborall's remarks on the 
subject of parallel running are of the greatest interest, as this is one of 
the most important points in connection with the operation of large 
systems. 

It is quite new to me that the parallel running of well-designed 
generating sets is affected by the relative position of engine and alter- 
nator, and I think further explanation of this point would be of general 
interest. 

In the same paragraph Mr. Eborall recommends that the engine 
cranks should be 180 degrees apart, but this appears to be inconsistent 
with a paragraph which follows later, in which he says that the variation 
in angular velocity during a revolution should be kept within the 
permissible limits rather by careful design of the engines than Ьу very 
large flywheeleffects. Would not placing the two cranks at right angles, 
instead of 180 degrees, usually help in this direction ? 

The employment of a given "cyclic irregularity " depending on 
the number of poles is not, in the writer's opinion, a very rational 
method of designing alternate-current generating sets for parallel 
running, although no doubt this method is very widely used ; since it 
is probable that hunting of synchronous machinery is in many cases 
of the nature of a resonance effect, and the-“ cyclic irregularity” of а 
generating set on a load offering a constant torque bears no direct 
relation to the liability for such resonance to occur when it is operating 
in parallel with other synchronous machinery. The tachograms given 
in Fig. 9 аге interesting, but would be more instructive # Mr. Eborall 
would give information as to the conditions under which they were 
obtained. For instance, it should be stated whether the engine was 
running alone or in parallel with the other one, and whether the load 
was synchronous or of the nature of a resistance. 

Referring to Plate 3, between the motor and the generator is shown 
an arrangement looking like a НехіМе coupling. This is, I think, 
unusual on machinery of this kind, and it would be interesting if Mr. 
Eborall would explain the object of it. 
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Professor E. WILSON (communicated): Mr.-Eborall refers tp the 
commercial use of a choking coil with movable core for controlling 
the potential difference between the slip-rings of rotary converters. 
About a year ago Mr. R. D. T. Alexander constructed for me an auto- 
matic device for effecting a somewhat similar regulation. Тһе figure 
shows the device as applied to a three-phase rotary converter А. In 
each of the three conductors leading to the slip-rings is placed a 
choking coil B ; the three choking coils being of identical construction. 
The conductor leading from one brush оп the commutator is carried 
round all three magnetic circuits of the choking coils BBB. Whenthe 
turns are suitably adjusted as regards number and direction, and the 
converter runs unloaded, the choking coils offer considerable reaction 
in each of the three-phase circuits, but none in the direct-current circuit. 
As the load comes on, the magnetising force due to the direct-current has 
the effect of reducing the reaction, since the net magnetising force acting 
upon each magnetic circuit, although varying with the same frequency as 
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the supply, has not equal positive and negative amplitudes. In fact, the 
axis of time may be so displaced that the net magnetising force has 
always the same sign. The arrangement used by me has four magnetic 
circuits respectively interlinked with the four conductors leading to 
the slip-rings of a two-phase rotary converter. The dissipation of 
energy in the magnetic circuits of the choking coils diminishes with 
increasing load on the converter. 

It is in the over-compounding of rotary converters that the choking 
coil as ordinarily used is so valuable, since it can be made to increase 
the potential difference at the slip-rings above that of the supply circuit. 
If the potential difference on the side of such choking coils remote from 
the converter were rigidly controlled, the variation ofjpotential difference 
at the slip-rings would be determined by the amplitude of the choking coil 
potential difference and its phase. Starting with a lagging (1.е., mag- 
netising) current at no-load, the compounding coils of the converter have 
to accelerate the current against an increasing potential difference at 
the slip-rings, due to the choking coil E.M.F. being also accelerated 
in phase by the current. Consequently the ampere-turns required to 
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produce a given compounding effect are greater than would be required 
in an ordinary generator. For instance, in a two-phase rotai y converter 
at King's College, London, run at constant speed, the potential difference 
was rigidly controlled on the side of the choking coils remote from the 
converter. On no-load the lag of current was about 70°, and when 
loaded the lead of current was 259. Ап over-compounding effect of 
17:6 per cent. on the value of the volts at no-load was observed on the 
commutator of the converter, when the ampere-turns due to the magnet 
winding were increased 59 per cent. on the no-load value. The same 
machine was then run as a generator at the same speed, with the same 
exciting currents in the magnet winding, and the same load. The 
over-compounding effect was 31:3 per cent. on the value of the volts 
observed when the generator was unloaded. When the potential dif- 
ference, assumed above to be rigidly controlled, is caused to vary, as 
is the case in practice, it is clear that the conditions have to be carefully 
considered, and may bring about important alterations in design and 
regulation. In the design of substations generally it is of great import- 
ance to consider what may be termed the rigid control of potential 
difference, and if this exists at any point of the system. Each case has 
to be considered on its own mefits. 

Mr. A. C. EBORALL, in reply, said : In the first place I wish to thank 
those members who have kindly discussed the paper, for the remarks 
they have made. Many interesting questions have been raised, but it 
is rather a pity we have not heard more about engines. For with the 
large generating units of to-day and to-morrow (sets of 2,000, 3,000, 
and 5,000 kilowatts), the question of suitable engines for driving the 
polyphase generators is a very important one. Therefore, when writing 
the paper, I touched on the leading points in the hope that they would 
provoke discussion, and am sorry that this has not been the case. 

Mr. Field says that rotary converters have been proved by American 
engineers to be preferable to motor-generators, provided the frequency 
is low; I think, however, these machines have bcen invariably employed 
in the States in connection with tramway and railway work, and in 
that сазе American experience would certainly appear to be justified, 
and is quite in accordance with my own views. But for lighting work, 
where good pressure regulation is of great importance, synchronous 
motor-generators present distinct advantages. Moreover, as pointed 
out in the papcr, the necessity for employing such low frequencies as 
25 to 30 cycles presents several disadvantages—the generators and 


` transformers become heavier and more expensive, whilst all lighting 


work directly from the polyphase mains becomes an impossibility. 

The employment of rotary converters on 50 and бо cycle circuits 
presents several great disadvantages, and referring to Mr. Field's state- 
ment, I think all the high-frequency rotary converters built by the 
Westinghouse Company must have been supplied with current from 
generators driven by turbines. For I cannot conceive of any worse 
piece of electrical engineering than to build large rotary converters of 
50-60 cycles to be operated from slow-speed sfeam-driven generators ; 
substations equipped with such machines would prove to be an incessant 
source of trouble and would never work satisfactorily. 
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I do not think that it is advisable to design the transformers sup- 
plying current to the rotary converters in such a way that they have 
great magnetic leakage (as at Glasgow) in order to get the necessary 
inductance in the alternating-current side of the converters. It seems 
to me that it is far preferable to use separate choking coils. For the 
employment of transformers with large magnetic leakage means that 
special transformers have to be built for each case, and once the trans- 
formers are built it is not possible to vary the amount of inductance ; 
this can always be easily done when separate choking coils are used, 
and is frequently necessary. Moreover, from the point of view of 
transformer construction (apart from the question of drop) magnetic 
leakage may prove a great disadvantage, for with large transformers it 
is usual to wind the secondary with several coils in parallel, and if there 
is much magnetic leakage (implying that the primary апа secondary 
coils are not sandwiched) it is easily possible to get ditterent induced 
E.M.F.'s in the secondary coils in parallel, which will, therefore, not 
divide the load properly ; those secondary coils nearest to the primary 
coils will do most of the work, and in consequence the heat will be 
concentrated at this point, causing possible damage to the insulation 
and risk ot breakdown. 

With reference to the use of damping coils on the field poles of 
synchronous machinery, I think I have been somewhat misunderstood ; 
my point is that the copper is wanted principally at the pole horns, 
parallel to the armature, and that putting copper anywhere else would 
be an unnecessary expense, especially for machines with solid pole- 
shoes. To thread copper bars through perforated pole-shoes is somewhat 
expensive, and therefore such a construction is not justified unless the 
damping effect is considerably increased thereby. My own observa- 
tions tend to show that damping coils embedded in the pole-shoes 
themselves are of small use compared with those properly arranged 
in the gap between adjacent poles, the copper being concentrated as 
much as possible on the pole-horns. I have been recently informed, 
moreover, that the standard practice of the General Electric Company 
(U.S.A.), who have had probably more experience than any other firm in 
this work, is to employ damping coils in the manner advocated bv me. 
Тһе Central London rotary converters, for instance, have the pole- 
shoes connected simply by copper strips extending from horn to horn. 
As the hunting of synchronous machinery is always accompanied by 
a swinging of the field flux from the pole-face into the gaps on either 
side of the poles, it would certainly appear to be more logical to place 
the short-circuited damping coils in these gaps, as the flux produced by 
the currents induced in them directly prevents distortion of the main 
ficld. | 

Тіс combination of asynchronous and synchronous motor-gencrators 
suggested by Mr. Field for substation work should be a good one for 
substations of small and medium size : as Мг, Patchell has told. us, this 
is precisely the form of substation he is putting down in connection 
with the City lighting. Of course the great objection to asynchronous 
motors is the heavy lagging current taken by them, which not only 
wastes energy, but causes demagnetising reactions right through the 
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system, which greatly impair the pressure regulation. This is why 
synchronous machinery, which never need work with lagging current, 
is preferable for nearlv every class of substation work. 

Mr. Field refcrs to the use of “inverted rotaries," and describes 
what may happen in working unless proper precautions be adopted. 
Personallv, I cannot see the use of such machines, for the extra con- 
plications brought about by their use are not balanced by the advantages 
obtained. Such machines are usually wanted in direct-current power- 
stations, a small portion of the load of which is situated at a distance 
too great to be conveniently supplied with direct current. Under these 
circumstances, it seems to me far preferable to put down either a motor 
alternator or a direct-coupled steam set for supplying the distant 
area, rather than a rotary converter, either liable to the troubles Mr. 
Field has described, or else working in a complicated manner. 

Dr. Thompson also criticises my views as to the application of 
damping coils, mentioning that the A.E.G. of Berlin are using in their 
new 3,000-kilowatt machines the construction first put forward by 
Leblanc, of piercing the pole-shoes for the. insertion of short-circuited 
copper bars. Аз the A.E.G. аге the owners of the Leblanc patent for 
Germany, it is not surprising that they should employ damping coils in 
this particular way. I think I am right in saying that the only firms 
who use this form of damping coil are those who are directly interested 
in the Leblanc patents and constructions. 

Dr. Thompson has somewhat misunderstood my remarks regarding 
the use of choking coils in connection with the long high-pressure 
feeders supplying current to {һе substations. Dr. Thompson has pro- 
posed these choking coils for another purpose, namely, for annulling 
the capacity of the feeders, the choking coils being connected in 
parallel with them. The choking coils used in Prague are connected 
in series with the feeders, and their purpose is not to annul the capacity 
of the cables, but to damp down the pulsations of current which are 
always found with synchronous machinery fed from a powcr-station 
in which slow-speed engines and direct-connected generators are 
employed. Тһе pulsations of current in the feeders which would 
otherwise occur, due to irregularities in the turning moment of the 
engines, would have a very perceptible cffect on the pressure regulation 
of the system, and are therefore objectionable if any lighting work is 
done directly from {һе polyphase feeders. 

Dr. Thompson and Mr. Ferranti have referred to the direct dis- 
tribution of power by means of polyphase currents—that is to sav, 
without the aid of substations. I should be the last one to propose 
substations for converting the alternating current into continuous 
current for all classes of work, and this is clear, I think, from the 
text of the paper. But it must be remembered that at the present time 
induction motors cannot be regarded as being satisfactory for traction 
purposes, and therefore for this kind of work it is necessary to convert 
the polyphase current into direct current. It must be remembered 
that the disadvantages of three-phase motors (as at present con- 


' structed) for tramway and railway work are very great, and I do 


not think it is commercially possible to use them at the present 
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time for any but special cases, such as mountain railwavs, etc. 
There are the extra conductors, the heavy lagging currents, the 
difficulties of economical speed control, the question of acceleration 
and starting currents, the pressure regulation of the system, the inferior 
mechanical design of the motors (due to the small air-gap), which all 
have to be very carefully considered; and moreover, direct-current 
traction apparatus is thoroughly standardised, while polyphase traction 
apparatus is hardly out of the experimental stage. 

For industrial power work and for lighting and power there is no 
reason why polyphase current should not be utilised directly, but 
in many quarters in this country there is a strong preference for using 
direct current for these purposes, and consequently manufacturers are 
asked to equip substations with machinery suitable for converting the 
polyphase current transmitted from a distance into direct current for 
feeding into the distributing networks. On this account, and also 
because of the actual necessity for substations for traction purposes 
(for the reasons given above), the question of substation equipment 
is of interest and importance—hence the present paper. 

In reply to Mr. Esson's first remarks, as to the behaviour of induction 
and synchronous motors when short-circuited, I would point out that 
this point is discussed in the second part of my paper; personally 
I find that there is very little difference between the behaviour of 
synchronous polyphase motors and induction motors when momentarily 
short-circuited. 

I have not found it necessary to construct special starting boxes for 
induction motors to be used in substations, as indicated by Mr. Esson, 
nor do I quite follow his reasoning as to the necessity for this. Standard 
induction motors, as built by the leading firms, are usually sent out 
with starting boxes provided with five to nine notches per rotor phase, 
according to the size of the motor ; this readily allows the motor to start 
with a current in accordance with the load. An asynchronous motor- 
generator will usually take about 50 per cent. of the full-load current 
at starting, the current rapidly decreasing as the machine gets up 
speed. Unless the polyphase generators аге very badly designed, such 
a starting current would not affect the lighting circuits, however large 
the motor generators. 

Regarding the question of the air-gap length in induction motors, 
referred to by Mr. Esson, I consider that with good workmanship it is 
easily possible, and perfectly safe, to work with the clearance I have 
named, namely, 15 of the rotor diameter; and, moreover, there аге 
hundreds of polyphase motors built by leading Continental firms that 
have been working for years with still smaller clearances. Mr. 
Esson is mistaken in stating that Continental practice is to allow 
air-gaps 50 per cent. greater than this—in this connection I would refer 
him to a paper I read last ycar on the subject, before this Institution. 
A larger air-gap than o'1 inch with a 45-inch rotor would undoubtedly 
mean alow power-factor, however highly the stator teeth are saturated. 

In reply to Mr. Esson, I would say that the pressure drop of the 
500-kilowatt synchronous motor illustrated in Plates III. and IV. would 
be 5 per cent. if tested as a generator upon a non-inductive load ; a 
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smaller drop than this would be a great mistake with a synchronous 
motor, or for that matter in an engine-driven generator also, from 
considerations of parallel running. І regret having to disagree 
completely with Mr. Esson's remarks оп this point—the few polyphase 
machines that have been made by English firms are not heavier than 
those of Continental make, and are not too well designed. It is for 
this reason that thev are not bought, and not because they are too good 
(and consequently dearer) as stated by Mr. Esson. 

I do not quite follow Professor Carus-Wilson's argument regarding 
the relation between the momentum of the rotating parts of svn- 
chronous machines, and hunting. Mv own observations tend to show, 
however, that the lighter the moving parts of such machines are, the 
better, and I mav sav that it is bv no means difficult to prove theoreti- 
callv that this must be so. For hunting is purely a mechanical effect, 
and the amplitude of the oscillations or swings is directly dependent 
upon the moment of inertia of the rotating part of the machine. Again, 
the lighter this part is, the more chance the damping coils have of 
checking the oscillations in their early stages, for the machine is more 
under control. 

I think Mr. Cruise must have overlooked a considerable portion of 
the first part of my paper, for otherwise he would see that the points 
raised by him in connection with transformers have been discussed. I 
may add, however, that up to 100 kilowatts, a three-phase transformer 
will usually come out cheaper than three transformers each of onc- 
third the output, in addition to being technically better, for the reason 
I have given. | 

In reply to the question put by Mr. Cruise regarding the pressure 
regulation of synchronous motor-generators, I шау say that if the 
synchronous motors are well designed, they are quite capable of taking 
care of the load, in spite of the pressure variations at the ends of the 
feeders usually met with. Asthe speed depends only on that of thc 


power-station engines, the only effect of varying pressure at the 


terminals of the synchronous motor is to alter slightly the power-factor 
of the latter, assuming, of course, that the variation is not sufficient to 
pull the motor out of step. In practice a slight amount of ficld regula- 
tion on the motor is all that is necessary to ensure proper working of 
the plant. For further information on this point I would refer Mr. 
Cruise to the paper. 4 

In reply to Mr. H. L. Leach, the tachograph exhibited (which is a 
standard instrument on the Continent) is constructed by Dr. Horn, of 
Leipsic ; it can be obtained from Messrs. O. Berend & Co., Limited, of 
London. 

In addition to Prague, there are many Continental towns supplied 
with three-phase current for lighting and power, such as Dortmund, 
Strassburg, Mannheim, part of Berlin, part of Frankfurt, part of Paris, 
etc. Mr. Leach will find a list of these towns in Germany published 
at the beginning of every year in the Elektrotechnische Zeitschrift (1. 
Springer, Berlin), to which journal I would refer him, as he will there 
find all the information he wants in a convenient form. 

Mr. Edwards's statement regarding the hunting of rotaries confirms 
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what I said in the paper as to the important part played by the engine 
governors. 

Mr. H. C. Leake makes a good point regarding the setting of engine 
cranks. Placing the cranks of an engine at o° or 180? rather than at 
any other angle is of importance, because then there are but two 
maximum and two minimum specd points per revolution against the 
four maxima and four minima which would otherwise result. Experience 
shows that it is these points which frequently give rise to such difficulties 
with parallel running, on account of their direct bearing on the 
resonance effect referred to by Mr. Leake in the fourth paragraph of 
his communication. With engine cranks at 90°, for instance, there is 
four times the probability of an interference effect occurring between 
the pendular swings of the generator magnet-wheel and the maximum 
and minimum speed points mentioned above, compared with the 
probability of this effect taking place with the engine cranks at 180°. 
Itis for this reason that nearly all horizontal compound engines on 
the Continent have been standardised with tandem cylinders and 
one crank. 

Of course, the given cyclic irregularity must not be exceeded 
and consequently a heavier flywheel is required, or rather, more 
metal has to be put in the rim of the magnet-whcel. With a large 
generating set, however, the incrcase of cost due to this is negligible in 
comparison. 

As stated in the paper, itis best to get along with as small a flywheel 
as possible, partly because the combination of flywheel and governor 
inherently tends to hunting, and partly for the reasons I have given 
in the paper, and in reply to Prof. Carus-Wilson, relative to keeping 
down the momentum of the moving parts. For a given type of engine 
the amount of flywheel effect asked for by different engine builders in 
order to give the same cyclic irregularity under precisely the same 
conditions varies very greatly, as all dynamo builders know, and it is 
entirely a matter of careful designing of valves and proportioning and 
arrangement of the engine parts. Hence the remarks made on this 
point in the paper, which imply that engines for large electric power- 
stations should be designed first of all from the point of view of 
the attainment of satisfactory parallel running of thc polvphase 
generators to be driven from them. 

In further reply to Mr. Leake, the tachograms givenin Fig. 9 were 
taken on an engine running alone with a small load on a water 
resistance. The flexible couplings used with the 5oo-kilowatt motor- 
generators, one of which is illustrated in Plates III. and IV., represent 
a standard arrangement with the manufacturers, and possess the 
advantage of preventing hot bearings should the foundations be 
defective, or the two machines be slightly out of linc; and, moreover, 
should the safety devices fail on a heavy and persistent short circuit, 
the leather belt connecting the half couplings would snap (without 
flying out), thus possibly preventing a burnt-out armature. 

In conclusion, referring to Mr. Leake's second paragraph, I may sav 
that it is very well known that, from the point of view of parallel 
running, it is far better to place the generator between the cranks of 
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the engine rather than at one end of the crank shaft, simply due to the 
twisting of the latter, which is accompanied by an increase of phase 


displacement between the E.M.F. waves of the generators running in 
parallel. 


The PRESIDENT : I will ask you to give your thanks to Mr. Eborall 
for his very excellent paper. 


I have also to announce that the scrutineers report thc following 
candidates to have been duly elected :— 


Members : 
Robert James Hatton. | Frederick Foley Robinson. 


Associate Members: 


William Joseph Bailey. Frank T. Hanks. 
James Henry Hamilton. | Arthur Hopwood. 
Thomas Robert Smith. 


Associates: 


Karl B. Hearder. 
Cecil Hodgson. 


Henry Scott. 
James 5. Smith. 


Students : 


Horace Edgar Herring. 
Octavian Joseph Mackenna. 
Patrick J. Rice. 

George Vose Stavert. 


Charles Cuthbertson. 
Sydney Elliot Glendenning. 
George Lester Hales. 


DUBLIN LOCAL SECTION. 


At a meeting of the Section held at the Dublin United 
Tramway Company's Power Station, Ringsend, on March 
7th, 1901, Professor W. Е. BARRETT, F.R.S.E, in the 
Chair : 

Reference was made to the great loss to the Section 
and to the Institution caused by the death of Professor 
С. Е. Fitzgerald, F.R.S., the Chairman of the Dublin 
Local Section. Professor W. F. Barrett proposed : 

“That our sincerest sympathy be extended to Mrs. 

Fitzgerald,” 
and the Resolution, having been seconded by Dr. F. T. 


` Trouton, F.R.S., and supported by Dr. A. Traill, S.F.T.C.D., 


was carried іп silence, the members standing in their 
places. 
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(Paper read at Meeting of Section, February 12th, 1901.) 


ON THE TRAINING OF ELECTRICAL 
ENGINEERS. 


By |онх T. NICOLSON, D.Sc., M.Inst.C.E. 


Electrical engineering differs from the other branches 
of the profession of the Civil Engineer іп being based 
on theoretical principles whose application give predicted 
results which closely accord with those practically obtained. 
As Professor Perry said in his Presidential address delivered 
a few months ago: “ Most of the phenomena dealt with 
by the electrical engineer lend themselves to exact mathe- 
matical calculation, and after calculations are made 
exact measurements may be made to test the accuracy of 
our theory. A completed machine or any of its parts can 
be submitted to the most searching electrical and magnetic 
tests, since these tests, unlike those applied by the mechanical! 
engineer, do not destroy the body tested.” 

Although hardly true to allow the inference that all the 
tests made by the Civil or Mechanical Engineer are neces- 
sarily of such a nature as to “destroy the body tested,” 
yet there can be no doubt that whilst electrical engineering 
is the youngest of the engineering sciences and arts, it has 
come clearly to the front in close physical accuracy of its 
theory; and in this department we have not been so 
notably troubled with a division into the two camps, of 
which we have heard so often, of those who believe in 
theory and those who believe in practice. 

The reason for this difference from the civil, mechanical, 
ог mining branches of engineering seems to lie in the 
circumstance stated by Professor Perry, as follows : 
* Electrical engineering owes its being altogether to scien- 
tific men, to the laboratory and deskwork of a long line of 
experimenters and philosophers. Even now the work going 
on in the laboratory, to-day, becomes the much larger work 
of the engineer to-morrow.” It would thus appear that, 
in electrical engineering, practice has been largely directed 
by a consummate theory ; whereas in other departments 
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theory has, at its best, only endeavoured to understand and 
explain practice. 

This fact has an important bearing on the subject we 
have before us to-night; for it is obvious that the relation 
between the theoretical and practical development of a 
branch of engineering must largely govern the principles to 
be followed in methodising the training of the students of 
that branch. 

The other distinguishing feature of electrical engineering, 
which must be carefully borne in mind in the same con- 
nection, is the unparalleled growth of electrical industries in 
the past ten or fifteen years, and their present increasing 
rate of development. So much is this the case, that the 
task of keeping the professional training of the students of 
this branch of engineering abreast of current practice seems 
almost a hopeless one. 

This raises the all-important question whether it is 
within the province of engineering schools or colleges to 
impart technical instruction, properly so called,—to supply, 
viz., up-to-date information as to the practical details and 
processes of manufacture of machines, and to give instruc- 
tion in such-like mechanical arts,—or whether it is their 
duty rather to confine themselves to the scientific principles 
that underlie engineering in general, and its several branches 
in particular. 

I think the proper answer to this question has now been 
found in the general adoption of the laboratory as the 
proper adjunct and complement of every first-class school 
of applied science. Without the means of making experi- 
ments the study of applied mechanics was closely analogous 
to, and in fact was. an extension of the study of rational 
or theoretical mechanics. There were then certain data 
conceded as founded upon professional experience, and 
the course of instruction was confined to the consideration 
of the results flowing from reasonings based on these 
data; and to the working of problems and exercises in the 
application of these theories which were intended to form 
an introduction to the actual office work of the engineer in 
practice. It must be allowed that much of this excellent 
work is still and will always be necessary. Resting on a 
strong foundation of mathematics, physics and chemistry, 
the knowledge of the engineer must always include such 
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pure sciences as those of kinematics, dynamics, hydro- 
dynamics, thermodynamics, and electrodynamics. А sound 
elementary acquaintance with all of these is necessary, 
. and a specialised knowledge of that one more particularly 
useful to the engineer in his own branch must be obtained. 
It is, for instance, quite hopeless to try to explain to a man 
who has no knowledge of dynamics, upon what principles 
one proceeds in endeavouring to balance a locomotive. 
No amount of laboratory experiment will enable him to 
dispense with a knowledge of the mechanical principles 
involved. Again, the fundamental principles of thermo- 
dynamics may not be of much use in helping a man to fix the 
size of the cylinders of a steam engine ; but they will at all 
events keep him from wasting his time in trying to design a 
perpetual-motion machine; and they will show him how . 
far he can hope to go in the direction of the improvement 
of his heat motors, or other energy transformers. 

But the province of the laboratory in the scheme of 
engineering education is: first, to extend scientific know- 
ledge by providing more experimental data; and, second, 
to show to the student the scope, value, and limitations of 
the theories he has studied in the class-room. 

Without laboratory work the young engineer is in 
danger of supposing that an engineering problem has been 
solved when a certain mathematical solution has been 
obtained from a basis of given physical assumptions. 

The critical or engineering sense 15 not developed in the 
class-room. The student cannot be expected to know 
whch of the assumptions underlying his mathematical 
work is really close to practice; and which other, although 
the best that can be made, is far from being true. Since 
applied mechanics, or engineering, is ‘not a complete 
science, but is constantly being revised as to its data and 
being added to as to its experimental laws, it is not suffi- 
cient to deal with it as with an abstract science having 
immutable laws and finally reasoned-out consequences ; on 
the contrary, the young engineer must be trained to exercise 
a salutary scepticism as to all generalisations from experi- 
ence, and to, as far as possible, prove things in detail for 
himself. 

Reverting to the question of instruction in up-to-date 
engineering practice, it may be added as the third function 
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of the laboratory—and more especially of the electrical 
engineering laboratory—that it should contain machines 
and instruments of the newest types procurable, which 
may serve as object lessons on the general trend of electrical 
engineering design. To avoid becoming an old curiosity 
shop it will be necessary in most schools to rely upon the 
assistance of manufacturers who are willing to lend their 
recent patterns of machines to the laboratory for testing 
and examination purposes for a reasonable time, in return 
for the supply of the experimental data and results obtained 
from the machine under test. 

We have referred above to two features which dis- 
tinguish electrical from other branches of engineering. 
They were: First, the possibility of a closer approximation 
to practice in the theoretically predicted results of working ; 
and, secondly, the extreme rapidity of development of this 
branch of engineering. It would therefore appear that, of 
the three uses of the laboratory in the school of engineering 
just mentioned, viz, the obtaining of new experimental 
data; the cultivation of the critical or engineering faculty 
in the student ; and the exemplification of recent practice 
in design; the first and last are of greater importance in 
electrical engineering laboratories than the second. Inas- 
much as the more closely a theory already seems to 
approximate to the actual phenomena obtained, the smaller 
is the need for overhauling this theory by checking its 
results by means of laboratory work. Yet one might argue 
that this close agreement only shows that the smaller and 
more intricate variations of the natural from the assumed 
laws, are nearer to discovery ; and that a closer examina- 
поп and study of the phenomena, and more refined 
experimental work have become necessary. 

In any case, the personal verification of the data of his 
subject is very necessary for every student as a good 
working foundation to build from, and as being the 
surest way of obtaining a real knowledge of and love for 
his adopted profession. According to Professor Perry's 
address: “ There is one qualification which the electrical 
engineer must have, and without which all other qualifica- 
tions are useless, and if a man has it no other qualification 
is supremely important, and this absolutely indispensable 


qualification is that a man should love to think about and 
work with electrical things.” 
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I would wish to modify this rather sweeping remark Бу 
quoting another sentence from the same discourse, that, 
viz.: “Ап electrical engineer must have such a good 
mental grasp of the general scientific principles underlying 
his work that he is able to improve existing things and ways 
of using these things." 

This latter qualification, a knowledge of theory, he must 
acquire by private study and from his college lectures ; the 
former will be best inculcated by experimental work in the 
laboratory. 

I am, І suppose, to-night expected to state what I should 
consider the best or ideal training one would give to a 
youth entering the electrical engineering profession if the 
choice were open. 

In reply I say, in the first place, that in the case of a 
really clever student whose heart is in his work, it is my 
experience that his course or mode of training matters very 
little. Even if he be trained on a very bad system, or not 
trained at all, he will acquire all the knowledge and experi- 
ence he needs in spite of, and in the teeth of the bad 
training. The desire to know, and the love for his subject 
is enough for him. 

But for the ordinary youth of mediocre abilities, whose 
inclinations have to be carefully coached in the right direc- 
tion, and whose all too easily flagging energies husbanded 
as much as possible, the sequence of his physical and 
mental treatment is of real importance. . 

In the first ‘place, I hold strongly the. opinion that, after 
leaving school, the boy who intends to become an electrical 
engineer should first spend at least two years іп the work- 
shops of a mechanical engineer. Неге he will learn the 
elements of smithing, moulding, pattern-making, fitting, 
machine-work, and erecting. Іп this time he cannot help 
picking up the names and appearance of the common 
implements and processes fundamental to all kinds of 
engineering practice. 

A boy of sixteen, having just left school, has for a time 
had enough of book-work, and will turn gladly and with 
great advantage to the complete change the workshop 
affords him. Here І may seem to be at variance with 
Protessor Perry when he says: * Much of the evil we suffer 
from is due to our average young men being pitchforked 
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into works, where they get no instruction, as soon as they 
leave school. If ordinary school education were worth the 
name, and if schoolmasters could be brought to see that we 
do not live in the fifteenth century, if boys were really 
taught to think for themselves through common-sense 
training in natural science, things would not be so bad. 
But the average boy leaves an English school with no 
power to think for himself, and with less than no know- 
ledge of natural science, and he learns what is called 
mathematics in such a fashion that he hates the sight of a 
mathematical expression all his life after. 

^ And what is the result? English engineers do make a 
wonderfully intimate acquaintance with the machines and 
tools that they work with; but, when it comes to the manu- 
facture of new things, they do it by fitting and trying, by 
quite unnecessary expenditure of money through trial and 
error. А machine is made and tried and then another 
better one, until a good result is arrived at. And this method 
did well enough:in the past, and would do well enough in 
the future if only we had not to compete with foreigners 
who can really calculate." 

I would point out, however, that the workshop course 
here proposed is merely the preliminary or first part of the 
student's professional training. If he has left school with 
the usual stereotyped stock of Euclid, algebra, and elemen- 
tary physics and chemistry, I would have him take mathe- 
matics, physics, and chemistry classes in the evenings; but 
more especially mathematics, during these two years of 
workshop practice. Classes ought to be everywhere 
organised to teach mathematics for engineers in the manner 
proposed by Professor Perry, so as to enable such a boy 
to learn as much useful mathematics as possible in the short 
time he has available. 

I should advise the addition of another усаг of workshop 
practice in the shops of a dynamo manufacturer, if time 
permitted ; but this will more usually have to be supplied 
by the laboratory of the college through which he must pass. 

I have always found it extremely difficult to arouse, in 
the case of boys coming directly from school to the pro- 
fessional college, a lively and intelligent interest in their 
subjects of study. 

Even with the help of a large and well-equipped college 
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workshop, they cannot get the relation of their work to 
engineering practice properly established. They fail to 
realise the important bearing the theoretical work they are 
doing has upon their future careers, unless their curiosity 
-has been first stimulated by a period of probation in the 
workshops and a spirit of inquiry fostered by long, con- 
tinued contact with actual engineering practice. 

I have had some considerabe experience in these matters, 
having served a four years' apprenticeship, worked in a 
number of drawing offices, studied in one and taught in 
two other Universities; and my experience, both as а 
learner and a teacher, lead me to recommend most strongly 
that, whenever possible, a period of workshop practice 
should intervene between school and college. 

Having, then, put in two years in a mechanical engineer- 
ing workshop, our ideal student ought to enter an engineering 
college at about the age of eighteen, and he ought to study 
there for not less than three years. 

The first year of this college course will usually have to 
be spent on mathematics, physics, chemistry, dynamics; 
mechanical, geometrical, and freehand drawing ; and the 
study of French and German, which is so necessary for 
enabling him to read foreign technical literature. 

In the second year the electrical engineering student 
must specialise in the physical laboratory in the direction of 
electro-magnetic theory. He must study the magnetic 
qualities of iron and the hysteresis 1055; and in doing so 
he must learn the construction of the instruments such as 
the galvanometers, voltmeters, and ammeters he uses in his 
work, and the methods of their calibration. All this experi- 
mental work should, of course, proceed hand іп hand with 
instruction in theory and numerical exercises in the class- 
room ; where he should be working at electro-magnetism 
and the theory of the direct-current dynamo. 

In this same year he must apply a considerable portion 
of his energy to the study of thermodynamics апа hydrau- 
lics, and their application to steam and water power plants ; 
and he should devote great attention. to the study ot 
machine design and mechanical drawing. Тһе clectric 
engineer must have a special knowledge of applied elec- 
tricity ; but he must be above all an engineer, апа not а 
mere electrician. 
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In his final year, three-fifths of the student's time should 
be spent in the laboratories ; one-fifth in the electrical engi- 
neering designing-room ; and the other fifth upon lecture 
courses connected with his laboratory work. About one- 
third of his laboratory time should be devoted to experi- 
ments on the strength of materials, on the simpler 
hydraulic phenomena, and to trials of steam engines and 
boilers. 1 think that at least thirty days of eight hours each 
should be spent in this way in his third year. Another third 
of the time spent in the laboratory in his last year would 
be occupied in completing the elementary electrical labora- 
tory course he began in his second year. He would, after 
completing his work on magnetic testing, begin a study of 
the dynamo. For this purpose the laboratory would 
probably be provided with a number of direct-current 
dynamos of various types and styles of construction, of 
from two to ten kilowatts capacity, which can be operated 
either as dynamos driven from a constant speed prime mover, 
or as electric motors. 

Using the ordinary commercial instruments such as 
voltmeters and speed counters, he should determine the 
strength of the fields of these machines when the armature 
windings are known and the speeds and pressures measured. 
He should compare the results obtained from the machines 
when running with those calculated from their dimensions. 
This will give the student an idea of the control which his 
class-room theories require from practical results, and to 
what extent uncertainty enters into his estimations. Tests 
of the ‘magnetic circuit of dynamos, the regulation of 
dynamos and motors with different forms of field winding, 
characteristic curves, and efficiency testing should naturally 
follow ; and it is an excellent plan to make the student 
draw up tables and make curves of the variations in the 
principal proportions of machines of different types and 
sizes, in order that he may obtain an idea of the changes 
involved by particular conditions of service and output. 

The data of this kind available in an engineering school 
are seldom of the latest, unless the teacher spends his 
summer in obtaining them. The instructor in electrical 
engineering has, as already mentioned, the special difficulty 
of the newness and constant development of his subject 
to contend with; but if he follows the practice of every 
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year visiting. the. plants of the manufacturing. companies 
and typical light and power stations, information is obtained 
which cannot be found in engineering literature, and which 
has the highest value for educational purposes. The cultiva- 
tion of close relations between the college and the practising 
profession should, indeed. be part of the duty of instructors, 
and ought to be eagerly reciprocated by the members of the 
profession as one of the surest ways of meeting foreign 
competition. The professional status of the teacher of 
engineering in this country 1s not by any means so high as 
we find it abroad. In the Electrician of February ist I read: 
“It is announced in Elektrotechnische Mittheilungen that 
Herr von Dolivo-Dobrowolski, chief electrician of Ше: 
Allgemeine  Electricitàits Gesellschaft, is shortly going to 
Petersburg to take over the direction of the new Govern- 
ment Electro-technical Institute there. The same journal 
states that Herr Gorges is giving up his position as engineer- 
in-chief of the firm of Siemens and Halske to fill а profes- 
sorship at the Dresden Polytechnic." I have yet to learn of 
any appointment in a college or technical school in Britain 
whose attractions could induce its acceptance by the 
engineer-in-chief of any of our great companies! The fact 
is, the Germans and Russians have come to realise the value 
of the scientific and technical training they provide in their 
polyteknikums to the national industry and well being; 
whilst in Britain we are still content to muddle along in our 
honest but stupid old way. 

To return to our third-year student. The remainder 
of the second third of his laboratory time will be filled 
up by work in electro-chemistry and alternate current 
work. The former subject seems now to demand a 
laboratory equipment almost on a par with that of the 
dynamo-room itself in a first-class school. "The latter is 
usually better represented, and the enormous importance 
of polyphase currents in power transmission renders it 
necessary that every effort should be put forth to give sound 
instruction in this field. Тһе effects of inductance and 
capacity are at the root of a large proportion of alternate- 
current phenomena, and the fundamental studies in this 
department accordingly have reference to the study and 
measurement of these properties. The object of the teacher 
must be to convey to the electrical student as lively and 
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practical a working conception of inductance and reactance 
as that usually given him of Ohm's law and its results. The 
student should have at his disposal a number of coreless 
solenoids for the direct measurement by ammeters and 
voltmeters of their self-inductances, using an alternating 
current of known frequency ; and the comparison with 
their mathematically determined coefficients. He should 
also be able to make, by the use of ammeters and ballistic 
galvanometers, the direct measurement of mutual induc- 
tances ; and to compare self- and mutual-inductance with 
capacity. He should then extend his measurements to 
circuits with iron cores. Carefully wound long and short 
solenoids having known constants ; condensers of known 
capacity, bridges, alternating-current ammeters апа volt- 
meters, the ballistic galvanometer and secohmmeter are the 
instruments he will employ most at this stage. 

The student should then pass on to the study of the 
alternator and to single-phase currents. The wattmeter and 
the alternate-current curve-tracer must be put in his hands ; 
and the relations of the current and pressure waves in cir- 
cuits must be studied from the curves, as well as from 
measurements of the true and apparent energy in the 
circuits. This study is finally applied to transformers of 
various types of construction. For the study of polyphase 
currents it would seem best to have in the laboratory a 
rotary converter, so that currents of variable frequency may 
be obtained. Induction motors of representative types of 
construction ought also to be available. 

A large part of the work here specified on alternate- 
current machinery must, however, be relegated to the next 
division of (Ғе laboratory work of his final year, when he 
will have more time for uninterrupted experimental work, 
and be left more to his own initiative. The great matter is 
to instil habits of personal investigation and critical study 
into the mind of the young engineer, so that his college 
course may form really a graduated introduction to the 
work of his whole life. 

This last portion of his laboratory time should be 
devoted by our embryo electrical engineer to what is, in 
America, called “thesis” work. This is of the nature of an 
experimental research, carried out either by the student 
himself or by а small group of students of which he is one. 
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Very much valuable information has been obtained in 
American colleges in this way, regarding the various types 
of new apparatus continually coming out; and it is found 
that the students learn, in the course of such work, to 
assume responsibility by being in a large measure left to 
their resources. Such investigation usually requires either 
special apparatus or the loan of new types of machinery ; 
but good work may also be got by making progressive tests 
of an operating plant either in the college or elsewhere. 
The interest and even enthusiasm with which this part of 
the work is taken up and carried on by the students is very 
striking and encouraging, and was such as to lead the 
writer to adopt the “ thesis" system in his late laboratories 
at McGill College, Montreal, although quite contrary to his 
preconceived prejudices against the utility of allowing 
undergraduates to undertake research work. 

With regard to the one day per week of the student's 
last year which was told off for work in the electrical drawing 
office, my friend, Professor R. B. Owens, of McGill College, 
has found it an excellent plan to take up the design of a 
complete line of machines to meet given commercial condi- 
tions. Each student takes one; апа the advantage of 
having all the students in the class working on machines of 
the same type, but of different dimensions, is that by 
comparing notes they are able to see clearly the change 
necessitated in the dimensions, as the output, or conditions 
of running, vary. 

A set of both direct and of alternate current machines 
should always be taken up. А good plan is then to submit 
the data compiled, and the drawings prepared, to the criti- 
cism of some one whose business it is to design machines 
for the maintenance of a reputation and the earning of an 
income on money invested in the manufacture of electrical 
machinery. 

In this way the attempt may be made to impart to the 
student information possessing a real market value, without 
sacrificing the study of broad principles to unnecessary detail. 

An important expedient for bringing the electrical 
engineering college into close contact with the ever-varying 
practical development of the subject, is to obtain the 
services of specialists in the several fields of current work, 


in giving courses of lectures on the status and probable 
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development of their special line of activity. Courses of 
from six to ten lectures each, upon which the student should 
be examined, as upon work given by the ordinary instructors, 
are best adapted for dealing with such special topics. One 
or two lectures by a distinguished engineer, although 
interesting, do not meet the requirement. 

Another most important study which ought to be 
mentioned in this connection is what is called by the 
Germans, * Wirthschaftlichkeit" ; and which may perhaps 
be rendered the “economics of engineering design." Its 
object may be most easily explained by taking an example 
from the work of an American College which is due to my 
friend Professor Owens. 

It was required of every electrical engineering student in 
this College, that, towards the end of his course, he should 
figure out the design of either a lighting or street railway 
plant. A number of scale drawings of towns of various 
sizes were available, and from known or assumed conditions 
the position of the station was assigned. Then, in the case 
of a lighting plant, the locations of the individual customers 
was taken as given, with particular load diagrams for each. 
From these isolated diagrams the nature of the station load 
was determined, and the machinery and circuits laid out. 
All the circuits were calculated and were shown on the map, 
together with poles and the more important accessories. 
Outline plans for standard machines were readily obtainable, 
and the station was arranged by their aid. Full specifica- 
tions for the plant were then drawn, definite as regarded the 
results to be obtained, but impartial as regarded different 
types of plant. Lastly, a bill of material was made out and 
the costs estimated for some one type of standard machinery, 
using price lists and allowing for labour; and the expense 
of operation and maintenance, together with the income 
necessary to render the installation a paying investment, 
were determined. Such plans and estimates were then 
checked by a constructing engineer whose business it was to 
be in touch with such matters. 

This department of study, which really constitutes the 
daily duty of the designing engineer, has been to my know- 
ledge almost wholly neglected in all save one or two German 
and American colleges. Such a worked-out example as the 
above places in due perspective the relative value of the 
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various portions of the pupil's whole curriculum. Hitherto 
we have mostly been content to discuss with all elaboration 
the design of our machines in regard to their general con- 
venience and adaptation to their purposes, keeping in view 
simplicity and safety of operation, easiness of adjustment, 
and facility of repair ; we have also exhaustively treated the 
elements of strength and rigidity, and the balancing of the 
rotating or other moving parts ; in some instances the ideas 
of harmony of proportion and of elegance of detail has even 
been entered into ; but very seldom have the really vital 
questions of cost of construction and total cost of production 
of different designs, in relation to the respective expenses of 
their maintenance for operation and for repairs, and of their 
durability, been duly approached in the professional college 
or school. Yet these are the governing factors in the 
everyday settlement of engineering problems ! 

The course of training for an electrical engineer, which 
has been somewhat hurriedly, and 1 fear incompletely, 
sketched in the above remarks, nevertheless outlines the 
curriculum which a not inconsiderable experience in such 
matters leads me to recommend as being best adapted—not 
in any sense to produce a complete electrical engineer—but 
to impart to a youth of moderate ability and unflagging 
devotion the capacity to follow with success that arduous 
calling. It must be recollected that the British engineer 
of the new century will need not only to know and to be 
able to use that which has been perfected by his prede- 
cessors ; but to be continually experimenting and improving 
upon what already exists, to be devising new lines of activity, 
and to be discovering fresh fields of operation, if we are to 
maintain not merely our industrial supremacy, but even our 
national independence, in the tremendous struggle for com- 
mercial existence which is now impending. 

In conclusion, I would press upon the members of this 
Institution the strong conviction 1 hold of the expediency, 
from the point of view just referred to, of at once establish- 
ing some arrangement whereby the more eminent young 
employees of our manufacturing houses may be enabled 
and encouraged to return, for periods of months at a time, 
to the laboratories of their Schools or Colleges, for the 
purpose of spending their whole energies in the prosecution 
of industrial research for the benefit of the firms employing 
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them. This system 15 already partly in vogue in Germany 
and America, and has produced most gratifying results. 
But this, and all the other questions in regard to the proper 
education of our young engineers, is entirely in the hands of 
their future employers. If the leaders of British industry do 
not realise the national significance of such higher scientific 
training as is here proposed, it is futile for the heads of our 
Colleges and Technical Schools to seek to thrust forward 
their projects in their despite. 


Mr. W. С. Кнореѕ thought that Dr. Nicolson was aiming at too 
high a standard, as the majority of students in electrical engineering 
are unable to attend full courses of instruction, and can only obtain 
their theoretical knowledge from evening classes. He considered 
that Dr. Nicolson was right in advocating a two years works’ experi- 
ence for those who were in a position to acquire it prior to entering 
upon their college course of theoretical instruction, for the reason that 
the latter then appealed to them as being of a more concrete 
nature and of more practical importance than would be the case 
if they were to proceed direct from school to college. Mr. Rhodes 
also regretted the fact that the majority of teachers of electrical 
engineering were without works’ training themselves, and con- 
sequently to a great extent unable to impart the theory to students 


| in the manner best calculated to show its bearing upon actual practice. 


Instead of appealing to their students from a physical and practical 
standpoint, the real issues were only too frequently buried in a mass of 
mathematical symbols quite unintelligible to the ordinary student. 

Mr. W. WiLsoN said the question touched upon was one of the 
utmost importance to the profession. He thought it might have been 
advisable for Dr. Nicolson to specify that he was referring to an ideal 
training, which was almost impossible at the present day with the 
students they had to deal with. The whole question was involved 
іп a much wider one. For the past few months many educa- 
tionalists had been trying to see what they could evolve out of the 
chaos of secondary education before talking of the higher training of 
the pupils in the technical colleges. Тһе material they got at the 
technical schools was very indifferent indeed. Не was not talking 
about evening students but day students, whom thcy hoped to tind by 
and by in larger numbers in the technical schools. They hoped to 
get secondary education placed on a proper basis, and to train youths 
to think in other languages as well as their own; then they might 
hope to do something in Dr. Nicolson's course, but at the present 
time it was an ideal one, and with thc present material almost 
hopeless. А course of that kind was only adapted to two or three 
places in the country where all the best youths of a large area might 
бс sent. They might have a central technical college іп London, 
and another in Lancashire for electrical engineering, and another 
for textile industries; but the whole subject was involved in the 
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question. of secondary education. He would draw especial atten- 
tion to the closing remarks of the paper, namely, that the whole 
matter depends on the leaders of British industry. It was 
impossible to get youths to serve an apprenticeship at the age of 


seventeen. Не had heard a large engineer say, “ We do not want well- ` 


trained men; we want workmen, men who are machines.” Now, 
when you have got to deal with certain large engineers of that type, 
how are you going to give the training mentioned in the paper? It 
had been said that if you could produce a Faraday опсс in a century 
the technical colleges would justify their existence ; but they werc a 
very long way from that. There was not much, however, to cavil at 
in the paper; it was an admirable one. There was only one point, 
viz. the student after leaving school. was to go for two years into 
works and then go back to a technical school, Тһе British employer 
of labour, however, did not give much assistance in that direction. In 
a large majority of cases it was impossible to get a youth into works 
at all unless he was to stay for some length of time. If he intended 
to leave in two or three years, the knowledge he would be able 
to pick up in the works would be very small indeed. He wished 
sincerely that they could aspire to the ideal placed before them 
in the paper; they were trying to do so as far as possible, but they 
were a very long way from it. With the training given in evening 
classes they could not expect to produce such an engineer. They 
ought to get the pupils to come to the technical schools in the daytime 
for a considerable period, and then they might be able to adopt thc 
training given in the paper. 

Mr. C. H. WoRDINGHAM said the paper was almost wholly one for 
the teacher. He could not claim to be a teacher, but he had found that 
a municipal engineer was looked upon as a provider of universal in- 
formation, and parents frequently consulted him as to their sons; he 
had thus been led to give some little consideration to tlie subject. He 
took it that Dr. Nicolson was describing the training of electrical 
engineers, and not the imparting of instruction to workmen. The two 
were different : you could no more trainan electrical engineer by means 
of evening classes than you could train a doctor in that way. If a man 
is to make electrical engineering a profession he must enter it by means 
of a proper course of study, and by devoting a considerable number of 
years to that study. Не, therefore, did not propose to refer to the ques- 
tion of evening classes. Мг. Rhodes had very clearly pointed out the 
enormous difficulties connected with them. He who derived much 
benefit from evening classes was a very exceptional man : he had met 
men who had, but they were exceptions. As regards the ideal course of 
Dr. Nicolson, he agreed with him practically in every particular ; the 
course sketched out was an admirable one, but he did not agrce with 
the order in which the course was to be taken. Dr. Nicolson very 
strongly advocated that a boy on leaving school should enter works 
for two years, and then get a theoretical training. In his (Mr. Word- 
ingham's) judgment it was better for a boy to go straight from school 
to college for three years than to enter works at once; after the college 
training was over he should get his workshop experience. Learning 


Mr. Wilson. 


Mr. Word 
іп ап» 


у 
| 
i 
1 
b. 
a mer 
| 


л ааа 


Мг. Word- 
іп һата, 


Mr. Guy. 


788 NICOLSON: ON THE TRAINING OF (Manchester, 


was very largely a matter of habit. A boy when he left school had the 
habit of learning, and was used to discipline. The college was merely 
a development of his school life, and a student would find it much easier 
to learn then than when he had broken off these habits. Another reason 
was that the student appreciates very much better what he learns in the 
workshop if he already has a good knowledge of the principles of the 
work on which he becomes engaged. А great deal of the practical 
work is wasted if the boy does not know wliat hc ought to look out for. 
If he is acquainted with the principles, he knows what he may expect 
to meet with in a concrete form. Another reason was that the sur- 
roundings into which a boy is brought in a workshop are not altogether 
desirable ; a young man is very much better adapted to resist the in- 
fluences to which he is exposed in works than is a boy fresh from school. 
Another point was that when a young fellow went into a workshop һе 
got into contact with people who would afterwards employ him, and 
he was more likely to get a job and become a paid servant if he could 
go straight on than if he had to break off and go to college. He thought 
Dr. Nicolson was very right in pointing out that a general engineering 
training is vital; an electrical engineer must be first a mechanical 
engineer and afterwards an electrical enginecr. The laboratory training 
recommended was good, and, besides the advantages enumerated by 
the author, enabled the student to get in an actual concrete form the 
conceptions obtained in his reading. 

Mr. ARTHUR Guy said he agreed with Mr. Wordingham that the 
engineering student should go direct from school to the technical 
college, because he is then more addicted to study, particularly for 
continuing his mathematics, which are the keystone of advanced clec- 
trical studies. After spending two or three years in the engineering 
course at college, he should then enter some good mechanical enginecr- 
ing works and serve his time for, say, four years, giving two years to 
the lathe, fitting, and erecting shops, one year to the pattern shop, and 
one year to the drawing office ; he could then, finally, enter some elec- 
trical works where heavy machinery was turned out, and so obtain an 
intimate knowledge of the designing and construction of the same. In 
this last place he would be in a position to demand a moderate salary : 
two years would suffice for this. Then the total time spent would be— 


Technical College .................. 3 years, costing, say £350 
Mechanical Shops .................. 4 j - Р 400 
Electrical Shops ..................... 2 , ata salary. 

Total ызаны ЫЫ 9 years, and cost ... £750 


It thus seemed to him that it was an expensive training to turn out 
a thoroughly qualified electrical engineer, having both a sound electrical 
and mechanical knowledge in addition to a fairly good grounding in 
general physics and mathematics; and, like any other profession, it 
meant a considerable outlay in both time and money cven when the 
necessary ability to benefit by the same was granted. Consider what a 
Corporation electrical engineer had to deal with. Beginning with the 
boiler-house and flues, he required some knowledge of structural work 
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and building material; the construction of boilers, pumps, есопопизегь, 
&c., and how to maintain and repair them ; the analytical commercial 
value of different kinds of fuel; the scientific bearing of heat-energy оп 
the fuel in respect to its proper combustion; the treatment of water 
used in the boilers—a very troublesome problem ; the advantages 
between hand-firing and mechanical stokers; the proper management 
of the boilers so that the highest efficiency and longest life were secured, 
and so on. Turning our attention to the engine-roonis, our electrical 
engincer should be well acquainted with the construction and main- 
tenance of engines, both high and slow speed types, be able to detect 
faulty running and remedy same, and to tell how an engine is per- 
forming its work by a mere glance at an indicator card. АП this was 
required before the engineer's own particular branch of work—elec- 
tricity—was brought into question; and here the field of application 
was almost boundless—the different methods of generation and dis- 
tribution of electric energy—direct and single-phase and polyphase 
currents—economics of cable-laying—difficultics concerning insulation 
and current leakage—systems of electric traction and power distribution. 
He must be prepared to study and advise upon the most suitable 
methods respecting the requirements of his own particular district. 
Beyond all this theoretical and practical knowledge of his work, our 
electrical engineer must have a reasonable share of business acumen 
in dealing with commercial matters ; so many things cropped up in the 
outside world that required good judgment, and it was experience 
alone that would carry him through. Of course men of such attain- 
ments as he had defined should and did command large salaries, 
and, considering the large amount of money appropriated to clectric 
undertakings, it would be the worst possible policy to engineer them 
on the cheap. 

Coming now to the higher training in science and technology so 
strongly advocated by Dr. Nicolson, he (Mr. Guy) was afraid there were 
very few men who could follow out such a course as Dr. Nicolson had 
sketched, since this higher or advanced course of studies should, in his 
(Mr. Guy's) opinion, come after our engincer had finished his time in 
the mechanical shops. They could not all be budding Professor 
Perrys, and Dr. Nicolson's reference to Professor Perry reminded 
him (Mr. Guy) that he had the honour and pleasure of being in his 
mathematical class for two years when a student at Finsbury, and he 
could well recall his carnestness in impressing upon the class the vital 
necessity of a good mathematical training. Тһе study of electrical 
science was, to his mind, limited to a great degree by the student's 
knowledge of applied mathematics ; and how many of them got оп 
all right when dealing with direct currents, but as soon as they began 
to dive into the action of alternating currents came to a standstill, and 
found progress difficult? Dr. Nicolson certainly aimed high, but as he 
(Mr. Guy) mentioned at the beginning, there were the factors of time, 
money, and ability to be dealt with; and, finally, when the trained 
engineer took his place in the industrial world to earn his living, 
hc had still to seek the touchstone of success. 
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Dr. CHARLEs Н. Lers said he congratulated Dr. Nicolson оп Dr. Lees. 
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the completeness of the course he had sketched out, but he was afraid 
it was a more ideal one than could be carried out just now. The 
early training of the students they were in the habit of getting at a 
technical college was so deficient, that they were in most cases incapable 
of following such a course. If at some future time the early training 
of intending students were improved, the colleges ought to turn them 
out after a three or four years’ course of that kind, men of the highest 
class. Whether they would or would not attain to that ideal in the next 
twenty years was a matter of doubt. He would recommend the student 
to go direct from the school to college, partly because the break in his 
educational life which would occur if he spent two years in a works 
would render him unaccustomed to acquire new knowledge, and partly 
because a boy going direct from school to works is of little use there, 
and is put on to work of a purely mechanical kind, which gives him a 
distaste for a subject on which his future career depends, and in which 
he ought to take the greatest interest. He thought it would be better 
for a boy when he leaves school to go to college, spend three or four 
years there, and then go into a works. It was, however, impossible for 


` a college to provide all the information the electrical engineer required 


when he got into commercial life; and he thought certain points to 
which Dr. Nicolson referred, e.g., the cost of the construction of different 
types of machines, should only be gone into superficially, as there were 
in such cases many details to be considered which only a person inti- 
mately connected with works could be well acquainted with. He 
considered Dr. Nicolson's course in its main features an extremely 
good one. 

Mr. W. W. H. GEE said that after an experience of ten years in 
connection with the Owens College, and a further experience of ten 
years at the Manchester Technical School, he considered that the most 
important suggestion of Dr. Nicolson was embodied in the last para- 
graph of his paper. It was most desirable that young men in works 
should have the opportunity of returning to the Technical School. 
Even а few months would be of great advantage to them. Не found 
that such students learnt very rapidly the parts of the subject which in 
their previous studentship they only partially understood. This was 
particularly the case with reference to the difficulties presented by 
alternating currents. He was glad to say that one local firm had 
already made an arrangement by which young men should come back 
to the Technical School from their works. He ventured to say that the 
experiment was likely to be a success. р 

Dr. Е. HoPKINsON said: With regard to the time іп a boy's or 
young man's career which he should devote to obtaining workshop 
experience it appeared to him that most of those who had taken part in 
the discussion had looked at it mainly from the teacher's point of view. 
The teachers in our technical schools not unnaturally liked to have 
young fellows who had the advantage of having been a year or two in 
works ; they were older than the average of their students, and were 
better material from a purely scholastic standpoint. He (Dr. Hopkin- 
son) looked at it from a somewhat different point of view ; he did not 
aim at turning out a good scholar merely, but he wanted to turn out a 
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well-trained practical man who could make his own way afterwards ; 
thus he found himself in disagreement with Dr. Nicolson, and in 
entire agreement with Mr. Wordingham. For a boy to leave school at 
the age of sixteen and to enter a workshop with the idea of returning 
to school or college after an interval of two or three years (he was 
speaking of those whose means would allow them to continue their 
education in one form or another till a fairly late period of life) involved 
a break in his scholastic course and in his habits of learning which was 
a serious matter, and often had disastrous results. If he purposed pro- 
ceeding to college or to a University, he was certain it was a mistake 
for him to have a break betwcen school life and college life. He had 
known many men at college or the Universities who had gone up at the 
age of twenty-three or twenty-four who were too old to associate on 
equal terms with their fellow-students, whose school habits and school 
acquirements had grown rusty, and who had been consequent failures. 
On the other hand, he had known but few cases of University men, with 
health and energy and devotion to their profession, failing in their sub- 
sequent careers. Going through the works of the General Electric 
Company at Schenectady some months ago, his guide pointed out to 
him a dozen young men working at the bench who looked particularly 
smart, and, when asked who they were, said, “ These are our University 
men; they have taken a University degree ; these are the men we like 
best." Their school and college career had been continuous up to 
twenty-two or twenty-three years of age, and these were the men the 
American manager thought his best material. Although honour was 
due to those who had made it easy for some apprentices to break their 
apprenticeship and go back to school, he did not think it was right in 
principle, except in a few cases where a boy of exceptional ability had 
had to leave school at sixteen to go into works with the idea of сагп- 
ing his own living. In a case of that kind there might be advantage 
justifying return to college or a technical school after or during 
apprenticeship. Another reason why he deprecated the student 
leaving school at the age of sixteen, and then going into works, was 
the great strain on the physical system. It was very hard for a growing 
youth of sixteen to work from six in the morning to six in the afternoon 
and then to settle down for two or three hours’ book work in the even- 
ing ; a boy at that age ought to have more time for physical and mental 
recreation, We had to consider the health and physical robustness of 
our engineers as well as their mental training. Referring to а remark 
of Professor Wilson's as to the difficulty of finding places for his 
students in works, he had no doubt the difficulty existed. At the 
present time there was a marked want of equilibrium in the whole 
electrical industry as regards employment. Its development had been 
зо rapid, attracting such great .numbers of young fellows, that, as а 
matter of fact, the supply of youths was far in excess of tlie demand 
for their services. Although Professor Wilson was conscious of the 
difficulty, he (Dr. Hopkinson) might say that in his own works they had 
not less than two hundred young fellows, all of whom in one form or 
another were pursuing their education, some attending classes at the 
Salford Technical Institute, others at the Manchester Technical School, 


Dr. 
Hopkinson. 


Dr. 
Hopkinson. 


Mr. Joyce. 


Dr. 
Nicolson. 


792 NICOLSON: ON THE TRAINING OF (Manchester, 


at the Owens College, or at their own school established in connection 
with the works. 

Mr. S. Joyce communicated the following : -I must congratulate 
the Institution on receiving such an excellent paper on a very important 
subject. Dr. Nicolson occupies at the present time а very important 
position as "Technical Adviser to the Manchester Corporation, and the 
success of their new technical school and the future of technical work 
in the district depend in no small measure upon him. "There is much 
in his paper to discuss, but the time at my disposal will only allow me 
to touch upon а усгу few points. Speaking both as a lecturer to 
technical students and as an emplover of technical men, there is much 
in his paper that I can agree with. Dr. Nicolson is quite right when he 
says our difficulties do not lie with the really clever student ; but I 
cannot agree with him when he says that а boy on leaving school 
should first spend two years in works. Our ordinary school systems 
are so defective that the average youth of sixteen leaves school not only 
ignorant of much, but with his mind sadly warped by long application 
to obsolete matters dcalt with by obsolete methods. On the one hand 
he is regarded as beginning to be too old to enter works with much 
prospect of success, and on the other he is, as a rule, hopelessly unfit to 
take up really serious work in a Technical School. But Iam sure, from 
very sad experience as а tcacher, that after two of his best and most 
developing years in a factory, starting perhaps at six in the morning, 
and spending the most impressionable years of his life with, in the main, 
ignorant, however well-intentioned, men, the lad returns to the school 
with his mind stunted, and regular habits of thought become difficult 
by long disuse. I have hardly known any exceptions to the rule that 
such students are a long way behind their fellows, though generally 
older. 

Long experience of both sides of the question convinces me that a 
combination of the half factory and half Technical School is the really 
right thing, and until our manufacturing firms realise this we shall not 
make the true progress we all desire. At the present time the most 
successful students are thosc whose days are spent in our factories, and 
whose evenings are spent in our Technical Schools. But such work is 
only possible with good results to the favoured few who can stand the 
strain of burning the candle at both ends, and the success is in any 
case limited by the brevity of the time actually devoted to training. 

The concluding paragraph of Dr. Nicolson's paper puts the matter 
in a nutshell, and I shall be glad if the paper and discussion may lead to 
some arrangement being come to whereby the training of our future 
engineers mav be the united work of our Factory Managers and our 
Technical Schools. 

Dr. J. T. Nicorsow, in reply, said that the course he had proposed 
had been objected to upon two main grounds. First, because of its 
being impracticable at the present time; as when Mr. Rhodes, Mr. 
Wilson, and Dr. Lees said that such а course could not be carried out 
with the students now available in technical schools. То this he quite 
agreed ; but such statements only showed how great was the nccessitv 
for changes being made in the matériel passing through the schools 
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and in the character апа scope of their work. In по technical school, 
worthy of the name, in America or Germany would a curriculum of a 
less thorough or comprehensive nature {һап the one he һай proposed 
be accepted as qualifying a man for the profession of an electrical 
engineer. If, therefore, such a course was impracticable, it simply meant 
that the employers of this country were not alive to the importance of 
the matter as were those of the above-mentioned countries. It was, 
in his opinion, high time that our emplovers, with whom lav the 
ultimate decision in such matters, should fall into line with those of 
other countries, and make arrangements which would enable the best 
of their young emploves to take advantage of the instructional facilities 
which a few educational authorities in this country were now able to 
afford. He believed that, at the cost of some inconvenience, and cven 
some little monetary loss, the supremacy, if not the very existence, of 
the electrical engineering industry in this country could only be main- 
tained by the careful training of our best young men along the lines laid 
down in his paper, which had been found to give such extraordinary 
results in foreign lands. He was afraid that many of our leading 
engineers were too well satisfied with themselves and with the suc- 
cesses thev had achieved, to trouble much about the changed conditions 
under which their successors would have to face foreign competition. 
In answer, therefore, to the criticism that the course he proposed was 
too ideal, he could only strongly reiterate his own belief that unless it 
were quickly realised and carried out this country would be left behind 
in the industrial race. 

The second ground of objection taken to his proposals was that it 
was not only impracticable, but inexpedient, that a period of workshop 
training should precede the college course of the future electrical 
engineer. He regretted to find himself at issue on this matter with 
such men as Dr. Hopkinson, Mr. С. H. Wordingham, Dr. Lees, and 
others who had spoken. He was afraid that they had not had the 
experience on this question that he had had the advantage of. Hc (the 
author) had found that the men who were best able to take advantage 
of such a course of study as that indicated in the paper were thosc who 
had spent some time in practical engincering work. The raw lads 
from school were generally outclassed by such students, as the former 
failed to realise the important bearing the theoretical work had upon 
their future practice; whilst the latter, whose curiosity had been 
stimulated in the workshops, fastened with avidity upon the mental 
pabulum placed before them. 

There would, he believed, be found to be an important difference 
betwcen the course described in the paper (with which he had had the 
experience just referred to) and that which his critics probably had in 
mind when advocating the immediate transference of the student from 
school to college. Whilst it might be to some extent true that а cur- 
riculum consisting largely of bookwork would be entered upon with 
more facility by boys fresh from school than bv lads whose wits could 
only have been kept sharp by attendance at evening classes, it was not, 
in the author's experience, true when a large proportion of the college 
work was carried out in the laboratory. When it came to carrying out 
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experiments, where resourcefulness, initiative, and a sense of proportion 
played a great part, the students who had had a practical training in 
the workshops had an enormous advantage ; so much so that whilst 
the bright schoolboy often came out first in the junior or preparatory 
years, the shrewd mechanic generally overhauled him before the end 
of the course ; and as a matter of fact, there was no comparison between 
the two classes of men as to fitness for a position of trust when leaving 
the college. 

It might, no doubt, be difficult to carry out the scheme in the way 
he had proposed ; but he agreed with Mr. Joyce that it ought to be 
possible to arrange, as the next best thing, a half and half course ; and 
he believed that the Manchester Association of Engineers were now 
actually considering the matter along these lines by a committee of 
their Council. 

Would it not be possible for the employers to pick out a few of the 
best of their apprentices—say in the second year of their (five-year) 
apprenticeship—and give facilities for them to attend college during 
the winter, whilst working the summer six months in the works. He 
(the author) was sure that an industrious boy of good ability would 
be able to not only keep up what he had learnt at school, but (between 
the ages of sixteen and eighteen say) add sufficient mathematics and 
mechanics to enable him to enter upon the college course in a state of 
sufficient preparedness to cover the ground sketched out in his paper 
in three winter sessions of six months each. 

In return for the advantages thus afforded him the student should 
be under agreement to stay with his employer for a certain number of 
years after the end of his apprenticeship ; and apart from the ultimate 
advantages to the profession of such a training, he (the author) believed 
that a substantial and immediate practical benefit would accrue to the 
employer by the adoption of certain practical research methods it was 
hoped to establish at the new Municipal Technical School, Manchester. 
There it was intended that the last two or three months of the course 
should be spent by the student in a research on any question in which 
his employer might happen at the time to beinterested. The emplover 
would, it was hoped, supply the machine or instrument he wished 
studied, and the student would be enabled with the assistance of the 
trained staff, and by the use of the experimental facilities of thc school, 
to obtain results of real practical value ; which would be the property 
of the employer of the student in question. 

In conclusion, he hoped that something better would be attempted 
in the future than had been possible in the past. From all he could 
learn, a large proportion of the money spent on technical education in 
this country had produced no useful result, and he was aíraid the 
blame for this lay largely with the engineering employers. 
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BIRMINGHAM LOCAL SECTION. 


(Inaugural Meeting of Section, February 27th, 1901.) 


The Birmingham Local Section of the Institution of 
Electrical Engineers held its Inaugural Meeting on Wed- 
nesday, the 27th of February, at the University Buildings, 
Birmingham, the Chairman of the Section, Dr. Oliver 
Lodge (Chairman), in the Chair. 


The CHAIRMAN said the inauguration of the Section was due to 
the efforts of Mr. Henry Lea and Mr. J. С. Vaudrey. As Principal of 
the University he was very glad that the Section should meet in the 
buildings of the University, and he hoped they would always continue 
to do so. It was the wish of the University and of all its members to 
keep in touch with all the higher life of the City and surrounding 
district, and with none morc than with the engineers. 

Mr. HENRY Lea explained the beginnings of the local organisation. 
He said that in response to circulars sent out to the members of the 
Institution іп Birmingham and district, including the counties of 
Warwick, Stafford and Worcester, seventy-nine replies were received 
expressing approval of the proposed Local Section, and proniising to 
render assistance. That number, exceeding as it did by twenty-nine 
the minimum required by the parent Institution for the formation of a 
Local Section, was considered very satisfactory, and the Section was at 
once created. They were most fortunate in obtaining the consent 
of Dr. Oliver Lodge to become their first Chairman. He (Mr. Lea) 
was appointed Vice-Chairman, апа the Committee was appointed ав 
follows :—Mr. F. Brown (Walsall) Mr. Alfred Coleman, Mr. Alfred 
Dickinson, Mr. С. S. Ram, Dr. Sumpner, Professor Threlfall, Mr. Wyld, 
and Mr. Vaudrey. The Hon. Secretaryship had been taken by Mr. 
р. К. Morris. They intended to submit the rules for the considera- 
tion of members at a subsequent meeting. It was proposed to тесі 
monthly on the Wednesday evenings. 

Mr. J. С. VAUDREY said the membership of the Birmingham Section 
had now increased to 110, so that they would more than hold their 
own numerically with some of the other Local Sections previously 
formed. Birmingham and the district were rapidly becoming a very 
large centre of electrical industries, and the Section was started with 
a view of bringing more nearly together those interested in electrical 
and kindred pursuits, so that the interchange of ideas and knowledge 
might help engineers as a whole. 

Тһе CHAIRMAN then delivered his Inaugural Address. 
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INAUGURAL ADDRESS BY THE CHAIRMAN. 
Professor OLIVER LODGE, D.Sc., F.R.S., Member. 


The first thing it behoves me to do is what my magnifi- 
cent friend FitzGerald did on opening the Dublin Section, 
уі2., congratulate the parent Society on its wisdom апа 
enterprise in forming these local branches. And I con- 
gratulate them not only on the idea, but on the way they 
are executing it: on the Нее constitution they give, and 
on their system of publishing and utilising papers commu- 
nicated. A multiplicity of publishing centres is bad for 
science: the more unified publication can be the better. At 
the same time, excessive centralisation and lack of stimulus 
to exertion at local centres is bad, too. If anything, it is the 
greater evil of the two. But by the present action of the 
Institution of Electrical Engineers, both evils are avoided. 
Local ability and energy are stimulated and encouraged, 
and at the same time the advantage of central publication is 
secured. I hope that the good example thus set may be 
followed by other societies. Ш the experiment succeeds it 
will be followed. А successful experiment is a splendid 
thing, for it can be repeated апа can develop unimagined 
advantages. 

Next I would thank my good friend the President of the 
Institution for coming down to give us his support and 
encouragement at this our inaugural meeting. 

Professor Perry is an educational authority and a great 
educational enthusiast. Не 15 an engineer, but he 15 also 
a physicist and a mathematician, and he is а great 
many things beside those. Catechise his students and 
you will find that they learn from him not engineering and 
mathematics alone: they learn much of those, but they 
learn a good deal about other things as well. They are even 
guided by him in their miscellaneous reading. I can tell 
you that things are, or used to be, lively in Perry's class- 
room. And when he got workmen to come and hear him, 
men who were familiar with engines and machinery but 
ignorant of the laws of motion, they were not treated to 
high and dry principles or to abstract science; but the 
machine which they knew was taken as the basis, and 
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fundamental principles were dissected out from it by the 
hand of a master. Not every one can do that, nor is it 
equally suitable to all grades and kinds of students ; but to 
the artisan it is suitable, and the work which Perry did at 
Finsbury had the most admirable results. 

Now he is engaged on reform of school education and 
primary education, and he is full of vigour and originality 
and plain-spokenness in these things, too. Nor would he be 
for a moment backward in dealing with University education. 
If we do not go straight in developing this University on 
sound lines, you may depend upon it that Perry will let me 
know. 

Well, he has plenty to do where he is, and I recognise 
in him a man genuinely anxious to serve humanity, full 
of energy, full of knowledge, full of enthusiasm, and, what 
is more, full of goodness—one of the kindest-hearted 
Irishmen of them all. 

In the rough-and-tumble of London life, people are so 
busy they neither give nor take credit for the more human 
virtues. He has to come down to the provinces to hear his 
character, and I daresay he is astonished to hear it. But I 
mean what I say ; and I say no more. 

The Society has to do with electrical applications—a 
large subject, if ever there was one. It began as the Society 
of Telegraph Engineers, and dealt chiefly with cable enter- 
prise ; then it took over the telephone, then electric lighting, 
then transmission of power, then tramcars, and now it is 
likely to take over nearly all underground locomotion. In 
time, and in some countries at any rate, it may take over the 
railways themselves. Nor is it confined to civil engineering. 
A ship of war is full of electric contrivances ; and the Society 
sent a corps of experts to add to the land forces in South 
Africa. 

There are, indeed, other engineering societies, notably the 
Civil and the Mechanical, both powerful, well-established 
organisations ; and very kind, hospitable, and helpful has 
that ancient and distinguished body, the Civil Engineers, 
been to their younger Cinderella sister, the electrical branch 
of the profession, whose future is destined perhaps to rival 
in brilliancy, though by no means ever to eclipse, their own 
services to humanity. 

Concerning applications of science there seems to be a 
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fallacy still abroad in this country, judging by the tone of 
some recent presidential addresses and public utterances 
designed to controvert it. Some misguided persons seem 
to hold that general education and mathematics are un- 
practical and useless encumbrances. What they really- 
mean is that if a youth has them and nothing else he is 
less useful than if he failed to possess these but did possess 
many other powers and aptitudes. Quite true, if the two 
are mutually incompatible. But why try and compare two 
evils and choose the lesser ? Why not go for a positive 
good? Why not advocate all the business virtues and the 
engineering genius if you can get them, and advocate all 
the mathematics and physics and acquired learning as well? 

Well, if you do, you get John Hopkinson and men like 
him (not to speak of the living), and that I take it is the 
type of man you want. 

But the objection arises from a suspicion that mathe- 
matics is often so badly taught that by the time a man has 
acquired a great deal of it he is somewhat unfitted for апу- 
thing else. If that is so it is a grievous fault, and I know 
that the fault does exist. "The training of a pure mathe- 
matician is one thing, the training of engineers and 
physicists is another. No one would be the worse for a 
common-sense mathematical training, some even of pure 
mathematicians would be a great deal the better for it; but 
an engineer must have it or must invent it for himself—no 
light task. 

Well, this reform of mathematical teaching has been 
taken in hand by several. All of us recognise the need of 
it: nearly all physicists and engineers, [ mean.. I realise it 
strongly. But no-one has more vigorously and recently 
taken up the cudgels and belaboured opponents than our 
President: so that now the old Mathematical Tory dare 
hardly raise his head. We only wish he would. He is 
always being coaxed to put his head out, like Kruger's 
“tortoise,” and then the bludgeon will descend. But he 
stays in his shell, and perseveringly conducts the patient 
English youth by roundabout paths over that asinine 
bridge and other antiquities, the continued school use of 
which is a monument of modern education folly. 

I wish some one would advocate teaching Greek 
methods of arithmetic as well, for then surely rebellion 
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would set їп; but unfortunately Euclid's arithmetical books 
were lost. 

Euclid himself was splendid. So was his book; for its 
day and generation, and its purpose as a system of geome- 
trical philosophy, admirable; but like some other good 
things, it has had its day, and for elementary and popular 
purposes should cease to be. We are too busy ; there is too 
much to learn nowadays, to leave time for us to cross every 
river by ascending to its source and walking down the other 
side. Professional guides along the old river-path > still 
attempt to hide the bridges, because if they were too easily 
seen their occupation would be gone ; but the bridges are 
there, and sooner or even later schoolboys will be permitted 
to make use of them and enjoy the country on the other 
side, without spending all their days in a toilsome and de- 
terrent mode of getting there over a route approved by the 
ancients. 

If there be any workers in engineering or any other 
branch of technology who affect to despise pure science and 
say that its pursuit is needless, they are hardly worthy of 
notice. It must be affectation. Even so might а coal 
miner affect to despise the sun, on the ground that he did 
not need it below ground, that he could do his work quite 
well without it, not realising that it was the sun which put 
the coal there ! 

And if any man is so immersed in what I may call black- 
country undertakings as to forget the smiling face of his 
mother-earth; let him realise that his health and sustenance 
are the outcome, not of his useful burrowings and grimy 
surroundings, but of the sunlit surface and the peaceful 
agricultural pursuits he has been compelled to abandon, and 
which at present seem so foreign to him. 

So is it with those immersed in practical applications, 
who forget their indebtedness to and dependence on the 
past, the present, and the future of pure ànd undiluted 
science. 

But, on the contrary, it is to be heartily admitted that the 
enlarged experience and the large scale experiments rendered 
possible by the wealth of communities who apply science to 
their own convenience reacts with immense advantage on 
the pure science itself. Тһе thing is manifest, and needs no 
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like experiments proper, they cannot readily be tampered 
with (one is rather nervous about interfering with the 
traffic or the illumination of a district to observe, say, the 
capacity-rushes in mains); they remind one of astro- 
nomical observations rather than of laboratory experiments. 
The essence of an experiment is that it shall be modified. in 
all sorts of ways, and shall be lived with on terms of 
familiar intimacy, not that it shall be regarded from a 
distance through a telescope furnished by inspectors' and 
workmen's reports, with illustrations drawn from letters of 
indignant consumers to the public press. 

` To understand the blaze of a new star and disentangle 
its meaning with a spectroscope, demands first that the 
spectroscope shall have been invented and comprehended 
by laboratory physicists and chemists and mathematicians ; 
let us say by Kirchhoff and Bunsen and Stokes ; and, with- 
out similiar purely scientific work, the large scale occur- 
rences witnessed in industrial enterprise would not be 
rightly and readily understood. 

Yet it is not to be urged that pure science should really 
be studied simply and solely for its own sake, apart from the 
needs of humanity : as the cant phrase used to run a few 
years ago, “ Art for Art's sake." 

The pursuit of pure science for its own sake is a good 
and wholesome formula up to a certain point, because the 
tendency of unregenerate man has always been opposed to 
it. Тһе usefulness of scientific applications needs no 
preaching, but strangely enough there is a great tendency to 
forget or ignore the scientific foundation on which they 
rest. And the human mind is so constituted that, as a rule, 
the necessary powers and aptitudes for both do not go 
together. The man who can pursue pure science does so 
best, as a rule, when he is not distracted by considerations 
of utility ; the applier of science, on the other hand, soon 
gets so immersed in practical details and pecuniary con- 
siderations, which are clearly vital, that he has neither 
leisure nor inclination, nor always the right kind of ability, 
for advancing the pure science itself. Pure science must 
always advance into territory which appears for the moment 
rather useless and barren and aloof from humanity ; it must 
be so, since it is new ground never open to humanity before. 
Consequently, there is a weird unearthliness about it, which, 
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to people engaged in the turmoil of business, may feel cold 
and repellent, if ever they allow themselves to be assisted to 
breathe its atmosphere for a moment. 

But the strange, new, unknown, bracing air has a fierce 
fascination of its own, akin to that of the lone ice-packs of 
the Arctic seas, to the healthy and intrepid explorer, ог as 
the mountain-tops are to a member of the Alpine Club. 
So enticing does the atmosphere of pure science become, to 
those who frequently breathe it, that to them sometimes it 
feels the only air worth breathing, and the everyday atmo- 
sphere of humanity strikes close and stifling in comparison. 
Let such men alone, encourage them in their quest, they 
are not too numerous, and whither they show the way others 
hereafter will follow. 

Moreover, the region which they enter is no limited 
Arctic circle in reality ; it is, as it were, the arctic entrance 
to another world, whence, if we penetrate further, in pur- 
suit of the pioneers, we shall reach ultimately the temperate 
zones of work and livelihood and applied science ; nor need 
we doubt but that at some date, as yet far distant, the human 
race may at length make its way on through these regions 
too, and attain, even by this apparently arid path, the rich 
tropical belt of luxurious verdure and bright sunshine, 
where conflict ceases, and art and enjoyment and emotion 
and religion begin. 

Facts known to few, with effort, are science ; but those 
same facts when known to all, without effort, are zesthetic ; 
they can then be appreciated in a fuller and higher way, can 
be seen in an altogether new light, so that they become fit 
subjects for poetry, for music, and for art. | 

Meanwhile the justification of all pure dry science Нез 
essentially in its ultimately human bearings. If a subject 
could be proved to be never capable of any human influence, 
or any relation to humanity, however developed it might 
become, then its pursuit would be rightly condemned. But 
such proof can never be given. Again and again have the 
most unlikely channels developed into fruitful watercourses ; 
we must trust the instinct of our leaders and let them 
advance unhampered, in faith that where they feel so 
much enthusiasm, where they seem to see their way so 
clearly and so well, we, too, in time, or our descendants, 
shall be able to enter with their aid, and shall realise that 
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the remote, and at first sight hopelessly inaccessible region 
is full after all of human interest and of that which con- 
tributes to the enrichment of life. 

We are in the beginning of a great era in connection 
with the pure science of electricity. The almost despised and 
neglected subject of electrostatics, as known to Franklin, 
is rearing its head again, and is pressing to the front. 

The experiment of a charged rod and pith balls is 
typical of much, perhaps typical of all that goes on in electri- 
city : and how much this means some of us are beginning 
to guess. We must look to Larmor and FitzGerald to 
explain to us if they can the nature of an electric charge—that 
blank, that absolute void, so wisely left by Clerk-Maxwell in 
his scheme, left also by Helmholtz in his, a void occupied 
by the isolated brilliant surmise contained in the phrase, 
* one molecule, or atom, of electricity." 

But even before we understand the nature of an electric 
charge, we shall find that the labours of J. J. Thomson have 
enriched the science of our times with what appears likely to 
be a unifying and comprehensive generalisation, such as 
philosophers of all time have groped after, for which some 
of them have strongly hoped. 


Professor ]. PERRY (President) proposed a vote of thanks to 
Dr. Lodge for his address. He thanked the Chairman for his references 
to himself, observing that, engaged in the crusade in which he was 
embarked, and subject to much adverse criticism, praise of the kind 
һе had received from Dr. Lodge was of special value. Не had 
got much credit for what he happened to have done with regard to 
the new educational movement, but the fact was he hit upon the 
psychologic moment when people's minds were moved by what had 
happened in the Transvaal, and were very much alive to the necessity 
for a large change in the education of everybody in the country. АЙ 
the scientific world was watching to see what Dr. Lodgc was going to 
make of the great problem that had been set before him in the 
Birmingham University. Dr. Lodge was a leader in science, a man 
much of whose laboratory work was being carried out on a large scale 
by engineers. 

He deprecated the tendency in the parent Institution to array 
professors and engineers against one another, and advocated the culti- 
vation of a spirit of mutual helpfulness, as between men whose various 
endowments must be interdependent if they were to be fully utilised. 
Referring to the untimely death of Professor Fitzgerald, he said that 
Professor Fitzgerald had done the most magnificent scientific work, 
helping every one in their difficulties, perfectly unselfish, а perfect 
man. On all practical engineering questions he had not only the 
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laboratory experimenter's point of view, but also that of the practical 
engineer. He had no hesitation in saying that in Professor Fitzgerald 
their profession had lost one of its greatest and most beneficent forces. 
With regard to the prospects of the Local Section of the Institution 
they were now inaugurating, it was an advantage to the members to 
be working in Birmingham. Why were things called * Brummagem"? 
Whether they had in hand a button, a watch, a thimble, а stcam 
engine, or mechanical engineering of any kind, the Birmingham 
people took the scientific method of going about the manufacture. 
They were the first people in the world, he believed, to go in for that 
which everybody was preaching now, the science of manufacture, 
probably the most important science of engineering at the present 
time. And the Philistines, who hated science in every form, therefore 
distinguished all scientific manufacture by the contemptuous expres- 
sion “ Brummagem." 

Touching upon the stress of international competition, Professor 
Perry said the danger which Huxley pointed out from the diffusion of 
education in foreign countries, and the neglect of it in England, was 
rapidly coming upon us. Could the men of Birmingham not raise 
their voices to save the nation of which they formed such an important 
part? Electricity had done great material things, and at second-hand 
she had done much for the moral good of the world, but it was not 
electricity, it was the Institution of Electrical Engineers that was 
going to have the great triumph of the coming century, binding all the 
best thinkers together in an association for the common good. 

Professor THRELFALL seconded the proposition. He expressed his 
concurrence in the condemnation of the prevalent system of teaching 
mathematics ‘in public schools, but said he did not endorse the 
perpetual tilting at their old friend Euclid. It was not so much the 
study of Euclid, but the setting up of algebra as a sort of puzzle for 
tripping lads, that was to be reprehended. They had that evening 
listened to an address which, like all Dr. Lodge's addresses, reprc- 
sented the high-water mark of the state of electrical science of the 
day. Dr. Lodge was now devoting himself to the development on 
new lines of a University untrammelled by a past age. They must 
all wish him success in his work. 


Professor PERRY then put the resolution of thanks for thc address 


to the meeting, which was enthusiastically adopted. 

The CHAIRMAN: As a close personal friend of the late Professor 
Fitzgerald, who was at the time of his death the Chairman of the 
Dublin Local Section, the CHAIRMAN, before concluding the meeting, 
testified to his distinguished services to mankind, as well as to the 
human and domestic virtues which illumined his life. 


Prof. Perry. 


Professor 
Threlfall. 


Prof. Perry. 
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The Three Hundred and Sixty-Second Ordinary General 
Meeting of the Institution was held at the Institution of 
Civil. Engineers, Great George Street, Westminster, 
on Thursday evening, March 28th, 1901, Professor 
JOHN PERRY, F.R.S., President, in the Chair. 


The minutes of the Ordinary Meeting held on March 14th 
were read and confirmed. 


The PRESIDENT: The following communication has 
been received from the Home Secretary :— 


“ HOME OFFICE, WHITEHALL, S.W. 
“23rd March, 1901. 
“ Sin, 
р "I ат commanded by the King to convey to you hereby His 
Majesty's thanks for the loyal and dutiful resolutions of the members 
€ the Council and local sections of the Institution of Electrical 


Engineers, on the occasion of the lamented death of Her late Majesty 
Queen Victoria, 


* [| am Sir, ' 
“ Your obedient Servant, 


* “(Signed) CHARLES T. RITCHIE. 
The Secretary, 


“Institution of Electrical Engincers.” 


The names of new candidates for election into the 
“stitution were announced, and it was ordered that the 
БЇ of names should be suspended in the Library. 


The following transfers were announced as having been 
aPproved by the Council :— 


From the class of Associates to that of Members— 


Arthur George Seaman. 
Philip James Watts. 
VOL, xxx, 58 
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From the class of Associates to that of Associate 
Members— 
George Dean. 
Herbert Buchanan Harvey. 
Herbert Francis Hunt. 


Prom the class of Students to that of Associates— 


William Richard Colv ille Barrington. 
Edward George Раш Bousfield. 

J. F. R. Jacomb-Hood. 

Ernest Albert Rosenheim. 


Messrs. H. G. Wood and F. H. Howard were appointed 
scrutineers of the ballot for the election of new Members. 


Donations were announced as having been made since 
the date of the last meeting to the Library and to the 
Building and Benevolent Funds from :—The Library: 
Е. Ackermann, Messrs. Vieweg and Son, Mr. W. L. Madgen, 
Member ; Building Fund: Messrs. H. J. Eck, S. Glenden- 
ning, А.Р. Pyne, W.E. Langdon, James C. Smail ; Benevolent 
Fund: Мг. УУ. К. Rawlings; to whom the thanks of the 
meeting were duly accorded. 


SOME NOTES ON THE ELECTRICAL TRANS- 
MISSION OF POWER IN COAL MINES. 


By H. RAVENSHAW. 


The object of this paper is to discuss the special features 
met with in electric power plants in coal mines, and to 
give a record of difficulties and mishaps which have come 
directly before the notice of the author during the last ten 
years. 

A great many of these plants are now in use, and are 
doing good work all over the country, lighting, pumping, 
haulage, and coal cutting being the principal uses to which 
electricity has been put. 


LIGHTING. 


It is usual to employ a separate plant for lighting, as the 
lamps are required in the pit night and day. A pressure of 
220 volts is usually employed for the lighting circuits, and 
from 300 to 800 volts for the power. 
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Underground engine-rooms, which are at a considerable 
distance from the generating station, are often lighted from 
the power mains with several lamps in series. The light is 
generally very much appreciated, especially at the shaft 
bottom, and at landings where there is often а good deal of 
shunting carried оп. Where the mine 15 dry, simplex steel 
tubing can be used to great advantage in places where there 
is not likely to be a fall of roof. There is an immense 
amount of primitive wiring in use, it being quite usual to 
run the wires on insulators and for the workmen to bare 
the two wires and hang a lamp across wherever they want 
it. This is, of course, only done in the parts of the mine 
which are not fiery. 

Enclosed arc lamps are very suitable for screens and pit 
heads, as well as for the pit bottom. 


GENERATING PLANT. 


Very low steam pressures are usually employed at 
соШегіев, and, coal being comparatively cheap, the steam 
engines are often of a primitive pattern. Condensing 
plants are seldom used. 

Old winding engines are very often employed, and have 
the advantage of being extremely reliable; as a rule, however, 
they do not govern at all well. 

For power the units are usually from тоо to 200 І.Н.Р. 
and for lighting 5o I.H.P. Іп the best plants Corliss and 
vertical engines, with flywheel governors, are employed. 
These drive the dynamos with ropes or belts. 

Some of the best mines, however, are employing higher 

steam pressures, and vertical high-speed direct coupled sets. 

The most important requirement is absolute reliability, 

as spare plant is seldom put down, and the machinery often 
works for at least 16 hours a day. 


GENERATORS. 


Owing to the fact that non-condensing steam engines 
are used, there is always a great deal of steam about the 
surface works of a colliery, and this, combined with the 
immense amount of fine coal dust, covers everything with 
a film, which is by no means a good insulator. 

For this reason it is not advisable to employ dynamos 
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which have internal ventilating spaces, and in any case all 
insulating materials have to be of the very best quality. 

The greatest care has to be taken with spare machines and 
armatures, as these are liable to get very damp. 

The author has known armatures which were not 
suitably insulated to break down one аНег the other, and 
this 15 generally found to occur on damp days in January 
or February. | 

Exactly similar machines which were working under- 
ground, where everything was very dry, gave no trouble 
whatever. 

The load on the generators is likely to be extremely 
variable, there being as a rule only two or three motors on 
the circuit, which may all be stopped at the same time. It 
is quite usual with haulage for the load to vary from 25 
per cent. over-load to open circuit in a very short space of 
time. It is, therefore, most important that the generators 
shall run without requiring any attention to the brushes. 
One man as a rule looks after a fan engine and all the 
electric light and power engines and dynamos, and if 
the machinery is suitable he has a very easy time. 


SWITCHBOARD. 


Owing to the atmosphere being charged with damp coal 
dust, the switchboard must be thoroughly insulated and 
must be fire-proof. In a switchboard largely adopted by 
the author, the slate slabs are thick and rest on a low wall 
of glazed bricks, the top being supported from the wall of 
the building by iron brackets. The only woodwork is a 
strip of teak along the top of the slates, fastening together 
panels of the same potential. The slates have the edges 
bevelled, and there is no wood or metal framework. 

Owing to the fact that single armoured cables are 
generally used, any sudden break sets up an enormous 
tension on the insulation, and it is best to employ massive 
slow-break switches of the simplest character. A most im- 
portant instrument for the switchboard is a megohmmeter, 
arranged to read direct the insulation resistance between 
either pole and the earth. 

A log is kept of the insulation, and any leak put right as 
soon as possible. Where men's lives depend to a great 
extent on an absence of leakage, it is of the greatest 
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importance that everything should be kept іп first-rate 
order. 
CABLES. 


For shaft work there does not seem to be anything better 
than Callender’s Armoured Vulcanised Bitumen Cables, 
and when these are protected from falling objects and are 
kept well coated with Stockholm tar, they will last a very 
long time. The cables are almost always carried down the 
down-cast shaft, as the fumes and steam in the up-cast 
shaft are very injurious to the armouring. The cables 
should be so fixed that they will not be struck by any 
corves, or other trifles which have a habit of falling down 
the shaft. | 

Underground cables are generally suspended from the 
props which support the roof; they are hung fairly slack 
and should be suspended by loops of yarn or leather and 
not nailed up with cleats. If thus supported, in case of a 
fall of roof, the cables fall to the ground, and are not so 
likely to be cut through. 

Ordinary rubber and lead-covered cables are often used, 
but a good armoured cable is greatly to be preferred. 

All joints should be made in proper joint boxes, as 
solder cannot be employed, and a single pole switch should 
be fitted on each conductor wherever there is a junction. 
Double pole switches should not be used, but single pole 
coupled externally. These switches should be entirely 
lined with slate, and made so that there is no possibility of 
an arc being started to the case. 

The switches should be made so that they will break the 
circuit with certainty in case of a short circuit. 


SWITCH GEAR FOR MOTORS. 


Where the cables enter the underground engine-room, 
they should be connected to two single pole switches, 
similar to those mentioned in connection with the junctions. 

It is most important that the shunt circuit of the motor 
should not be broken, as the extremely high tension at 
breaking causes a vicious spark and puts tremendous stress 
on the insulation. By far the safest plan is to connect 
permanently across the shunt coils а non-inductive 
resistance of about twice the resistance of the fields. The 
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current used is very small, and the field circuit can be 
broken with impunity. 

The author has known the shunt coils of a motor to be 
left on and to be broken by switching off at the surface, 
thus causing an enormous stress on the insulation of the 
mains. АП series coils should also be fitted with a similar 
resistance. Precautions such as this reduce the flash from 
the switches, or, in case of a broken cable, to a very great 
extent. 


MOTOR STARTING SWITCHES. 


If a good double pole break is arranged where the 
cables enter the engine-room, a single pole starting-switch 
сап be employed. This is rather important, as the parts 
of opposite potential are kept well apart. Тһе author has 
employed liquid switches with a good deal of success ; but 
it must always be remembered that, where they are used 
for regulating, steam 15 given off and ventilation must be 
allowed, so that leakage is not caused by the condensed 
steam. | 

In any case, all resistances should be made so that they 
will carry the full working current, as they are sure to be 
used some time or other for regulating. 

The cones of liquid switches are of either iron or lead, 
and should be made so that they can be easily examined 
and replaced. | 

Where there is gas, all switches must be entirely 
enclosed. 


MOTOR. 


There appears to be a fairly general opinion that there 
is a great deal of danger from the explosion of gas 
ignited by the sparking at the brushes, and a number 
of experiments have been carried out which do not seem 
to have proved anything one way or the other. Whether 
this is so or not, it is perfectly obvious that the heat from 
a burnt-out armature or the arc from a broken circuit 
would be quite sufficient to ignite gas, and where there 1s 
any chance of gas being present it is necessary that the 
armature and commutator at least, if not the fields, should 
be enclosed in strong gas-tight cases. All the terminals 
should be made so that cables cannot be accidentally pulled 
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out, and the machines should be of such construction that 
they will pull up at once in case of a bad leak or short 
circuit. It is well known that a Gramme armature will go 
on running for some time with a burnt-out coil, all the time 
doing itself a very great deal of damage and developing a 
great deal of heat. A drum armature, however, іп which 
the conductors of opposite potential are close together, will 
stop at once if there is a short circuit in the armature, and 
if proper fuses are fitted the machine is at once cut out. 
This is à most important feature in this type of machine, 
and Gramme armatures should never be used for any under- 
ground mining machinery. 

Totally enclosed machines are by no means in favour 
among colliery managers, as they are difficult to keep clean 
and to inspect, and the general opinion seems to be that an 
open machine is to be preferred, precautions being taken 
that the engine-room 15 kept free from gas. 

Enclosed machines are certain to be run some day with 
the covers loose or entirely off. 

It is possible to obtain motors which will not break down 
and which do not spark at the brushes, and with careful 
supervision and an organised testing of the insulation from 
the switchboard in the generating station, there should be 
no danger from fire or explosion. 


PUMPING. 


. The advantages of electric motors for this work are 
obvious, and a large number of pumps are in use. Сот- 
pound motors are generally employed, as they will not run 
away if the pump loses its water. Owing to the damp places 
in which they usually work, pump motors are often entirely 
enclosed, and shunt wound machines under these circum- 
stances are apt to give trouble owing to the resistance of the 
fields rising as the machine gets hot. This increases the 
speed and the armature current. Тһе addition of a fair 
amount of series winding prevents these difficulties from 
arising. 


HAULAGE. 


The author cannot quote a single instance in which 
electric locomotives have been employed in coal mines, 


„оа ғ... м... Жалт бы ы. 
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Wire rope haulage appears to be almost entirely employed. 
With continuous rope haulage the motor usually runs at 
a constant speed, the rope-pulleys being started and stopped 
by means of clutches. 

With single rope, and main and tail, haulage the electric 
motor is shown to advantage, the smoothness of starting 
and complete control over the speed, as well as the ease of 
reversal, giving an extremely handy hauling engine. 


COAL CUTTING. 


The motors employed for coal cutting are usually series 
wound, and are subject to extreme variations of load and to 
very great shocks. They are entirely enclosed, and are con- 
sequently liable to get very hot. It is, in fact, difficult to 
imagine a more trying load. | 

With these motors it is, of course, imperative that they 
should be entirely enclosed, both for the protection of the 
armatures from falling coal, and to keep out the coal dust. 

It is most important that effective switches and cut-outs 
should be fitted at the junction where the motor cables are 
carried from the main cables, so that, in case of damage to 
the flexible cables or of burn out in the motor, both poles 
are quickly cut out. 


GENERALLY. 


The amount of bad or unsuitable work to be found in 
colliery installations is very surprising, and it is apparently 
only due to the strict supervision and high order of intelli- 
gence to be found among those in responsible positions in 
collieries, that there are so few accidents. 

With good work electric power transmission is an 
immense boon, and there should be a very great field for 
extensions. 

As the author has not employed any multiphase motors 
in mining work, he is not in a position to discuss their use. 
Many of the points raised, however, will apply to both 
systems. 

* * * ж ж 


Аз опе mishap gives more instruction than many years 


of steady running, a list is given herewith of a number of 
accidents and defects which have come directly before 
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the notice of the author. For obvious reasons the actual 
localities are not given. 

A. Engines.—A stud sheared which fixed a flywheel 
governor in place. The engine ran away. 

B. Dynamos.—Three armatures broke down one after 
the other, stopping the pit for three days. The first armature 
broke down. Тһе spare dynamo had not been run for 
several months, and on starting up burnt out. The spare 
armature had been kept in a damp place, and broke down 
at once. АН these armatures were only insulated with 
compressed paper. 

С. The brushes for three dynamos cost £40 in one year, 
and armatures constantly broke down owing to over-heat- 
ing. The brush-holders were originally few in number, with 
large carbon blocks. These were changed for a number of 
holders, each carrying a small block of carbon. After this 
alteration the machines ran well, and a set of carbons now 
lasts for many months. 

D. A number of instances of short circuits have occurred, 
owing to the ventilating spaces in the armature becoming 
filled with coal dust. The armatures often broke down after 
they had been standing for some time. Тһе coal dust seems 
to absorb moisture. 

E. Switchboard.—An arc was started at 600 volts between 
two contacts about 14 inches apart at opposite potentials 
оп a switch connected to a megohmmeter. Тһе base of the 
switch was ebonite, and the leak was due to a fine layer of 
damp coal dust. 

F. In another case a voltmeter was entirely burnt out, 
evidently from the same cause. 

G. While there was a heavy earth on the mains an arc 
was started between a switch on the engine-room switch- 
board, and part of the metal framework supporting the slate. 
This was evidently due to coal dust. 

H. Cables.—T wo armoured bitumen cables were laid in 
a wooden trough, which was close to a leaking steam-pipe. 
Both cables went to earth within a few hours of each other. 
The trough has since been filled with bitumen, and по 
further trouble has occurred. 

I. А nail fastening up a cleat had evidently been driven 
through an armoured cable, passing through the insulation 
but not touching the conductor. This finally came in 
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contact with the conductor, and, as there was a bad leak but 
not a dead earth on the other pole, an arc was set up and a 
very serious fire only prevented by the fact that the assistant 
manager was close by, and telephoned to the engine-man on 
the surface to shut down. 

$. А common twin cable was carried down a shaft for 
lighting a mine. бо volts were lost in this cable, the volts 
at the surface being 110, and in the mine 45 to 50. 

K. A runaway train of tubs cut through one of the 
cables. Тһе accident happened close to a box containing a 
double pole branch switch. Тһе drag on the cables broke 
the marble bases of the switch into several pieces, and an 
arc was started to the iron: case. 

A number of cases have occurred where runaway trains 
have cut the armoured cables clean through. 

Г. Motor siitches.—Owing to there being no stop inside 
the switch, and the handle being put on the wrong way, а 
double pole switch was carried back too far and a short 
circuit effected between opposite poles. 

М.А main regulating switch was not marked, and was 
arranged to switch off left-handed instead of right-handed. 
Ап accident occurred to the gear, and the attendant, instead 
of switching off, switched on to full speed. 

N. A double pole enclosed switch was fitted with a fibre 
arm. Тһе insulation of the fibre broke down and caused а 
short circuit. 

O. A single pole enclosed switch had a cast-iron arm 
supporting the moving contacts. Тһе arm broke in switch- 
ing on, but the contacts remained in position. It wasthere- 
fore impossible to switch off the current, as there was no 
double pole switch fitted. 

P. A gas-tight cover to a liquid switch was fastened by 
cramps binding the porcelain jar very tightly. Тһе jar 
cracked when it got hot, and caused a partial earth owing 
to leakage of the solution. 

Q. Owing to insufficient room being allowed for a liquid 
switch gear, the steam from the solution caused an arc to be 
started between opposite poles on several occasions. 

R. A double pole switch in the shunt circuit of a com- 
pound motor worked perfectly well on the surface when 
tested with its own motor. Оп being erected underground, 
at the end of several miles of armoured cable, the length of 
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break was not sufficient, and an arc carried on between tlie 
contacts. 

$. Motors.—In several cases a Gramme armature has gone 
on running with a short circuit in the armature, burning the 
armature to a cinder. 

T. No record has been found of a drum armature run- 
ning on with a short circuit. Several cases have occurred 
in which the armatures have pulled up at once from a 
short circuit, the damage to the coils being very small. 

U. A cable was brought from the magnets of a large 
shunt motor to a switch in another part of the engine-room. 
This cable was loosely run, and was accidentally pulled out 
of the connection. А tremendous flash was the result, the 
commutator was badly damaged, and the fuses on the surface 
blown. Ja 

V. The shunt circuit of a compound motor was broken, 
and the motor ran away. 

IW. After some repairs the series coils of a compound 
motor were connected up the wrong way. Тһе machine 
gave a great deal of trouble, and it was some time before the 
mistake was found out. 

X. A shunt motor driving a pump was driven by a shunt 
dynamo through a long line. The motor was enclosed, 
and the fields got very hot. The field of the motor being 
weakened, the current increased, and it was found to be 
impossible to run the plant for more than two or three hours 
at a time. 


ELECTRICAL MINER'S SAFETY LAMPS. 


By SYDNEY F. WALKER, Member. 


Ever since the historic occasion when Mr. Swan pre- 
sented his incandescent lamp to the Society of Telegraph 
Engineers, it has been the dream of electrical and of 
mining engineers to adapt the lamp for use in mines, 
especially those in which carburetted hydrogen gases are 
given off in working of the coal. 

The dream has been realised to a certain extent. Іп 
nearly every coal-mine of any size the whole of the surface 
arrangements, together with the shaft bottoms, the main 
roads for a certain distance from the shaft bottoms, and the 
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underground engine-houses and other important points, 
have long been illuminated with incandescent lamps of 
various powers, much to their advantage; but up to the 
present very little has been done in the way of the adoption 
of the incandescent lamp in the most important positions in 
coal-mines, viz., at the face of the coal. 

Mr. Swan himself was very early in the field with a. pro- 
posal to use lamps at the face of the coal, taking their supply 
of current from the regular lighting service, and some 
attempt was made to introduce it in that form ; but mining 
engineers felt that the possibility of a spark passing between 
the broken ends of a severed cable was too serious to be 
entertained, and no attempt has since been made to intro- 
duce that method, except that in some cases, where electric 
pumps are working at or near the face, incandescent lamps 
are in use, taking their current from the power supply 
service. 

And so the solution of the problem involved in the use 
of electric lamps in places where inflammable gas might be 
met with, resolved itself into the provision of a portable 
lamp of such power, and under such conditions, that it 
should be impossible for the lamp or any of its accessories 
to fire an inflammable gaseous mixture. 

A great many inventors, headed again by Mr. Swan, 
have made repeated attempts to solve the problem, but up 
to the present only one lamp is in practical use in the 
collieries of the United Kingdom, the invention of a 
Belgian named Sussman, and only a very limited number 
of these are actually in operation in this country, and their 
use 15 confined to two or three collieries in the county of 
Durham. 

On the Continent of Europe a good deal more has been 
done in the matter, but the writer believes that even there it 
is only the Sussman lamp that is in use. 

The problem itself, like a good many more that electrical 
engineers have to deal with, looks remarkably simple until 
you come to endeavour to solve it, and then it is seen what 
a really serious problem it is. 

The present miner’s lamp, a few samples of which are 
shown, consists of a short brass cylinder, about 3 inches 
in diameter, forming the oil-well, with its wick, and 
a wire pricker to stir it up when it is dull, surmounted 
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by a stout glass cylinder and by an arrangement of three 
wire gauzes, fitting one inside the other, the whole of the 
gauzes being protected from injury by an iron bonnet. The 
gauzes and glass are carried by a brass framework into 
which the cylindrical oil-well screws, and the whole lamp 15 
carried by an iron hook attached to the top of the bonnet, 
the hook being large enough to hitch into the collier’s belt 
when he 15 walking, attending to trams, &c. 

The lamp, made in brass, weighs from 24 lbs. to 34 lbs. ; 
made in aluminium it weighs from 13 lbs. to 23 Ibs. 

It furnishes a light, when first lighted, of from } candle 
to š candle, each for 12 hours if required. 

It costs, in brass, from 55. 4d. to 15s.—the 155.15 a special 
pattern. 

It costs to maintain from 2d. to 3d. per lamp per week, 
including oil, wick, glasses, cleaning, and repairs of all 
kinds. 

A glance at these figures will show one reason why the 
problem to be solved is such a difficult one. The electric 
lamp which is to take the place of a miner's lamp at present 
in use, must either fill all these conditions equally with the 
present lamp, and provide other advantages іп addition, or 
the advantages which it possesses must be such as to com- 
pensate for any shortcomings, іп any respect, in which it is 
inferior to the existing lamp. 

In order to understand how real the difficulties are, it 
may be as well briefly to examine the conditions under which 
the miner has to use his lamp, and afterwards to see how 
near inventors have been able to get to the existing con- 
ditions by means of electricity. 

In the first place the weight forms one of the most difh- 
cult parts of the problem. The collier cannot afford to 
have the weight any greater. As it is, һе resists to the utter- 
most the introduction of safety lamps into a mine in which 
naked lamps have been previously employed, notwithstand- 
ing that the change is always brought about by the strongest 
action of H.M. Inspectors of Mines, and always with the 
view of decreasing the loss of life among the colliers them- 
selves ; and һе resists partly because the light given 15 less 
with the safety lamp than with the candle which he has 

used before, and partly because of the weight of the lamp 
itself, and the restrictions which its use imposes upon him. 
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Walking upon a road in a colliery, even when it is of the 
very best, and one of the main roads, is very much more 
tiring than walking on the ordinary high road on the 
surface. The best of roads in a colliery may be compared 
to a road composed of loose sand, with rails laid some- 
what irregularly, and with holes and various obstructions at 
irregular intervals. But this is one of the best roads. Often 
the road the collier has to travel, to and from his work, is so 
cramped, part of it at any rate, that he cannot stand upright. 
Often he has to go to his working-place by a sort of grass- 
hopper motion. Often again, either going or coming, he 
has to mount inclines so steep that the writer, in going down 
them, has found it necessary to sit down on the rails and 
work his way down very cautiously ; and in many instances 
also the collier has to go a long distance to and from his 
work after he reaches the shaft bottom—a mile is а com- 
paratively short distance if the colliery is a large one. 

Under all these circumstances it is not surprising if the 
collier objects, somewhat forcibly, to any addition to the 
weight he has to carry. And so impressed are mining 
engineers with the absolute necessity of not giving the 
colliers any additional weight to carry, that when Mr. Swan 
presented his first lamp to the North of England Institute, 
one of the leading members, who was very favourably im- 
pressed with the lamp, proposed that the lamps should be 
taken to the face on coal trams. 

Mr. Swan's first lamp, the first that was introduced in 
this country, weighed 8 lbs, his second weighed 53 Ibs. 
Mr. Pitkin's, which had а good trial in a large number of 
mines, weighed 8 lbs. Тһе Sussman, in use at South 
Hetton colliery, in the county of Durham, at the present 
time, weighs 4 lbs.; the writer's weighed, when charged, 
31 lbs. 

The first cost, and the working cost, of the miner’s lamp 
would be, in the writer's opinion, prohibitive if competition 
with electric lamps is to be only on those lines, except with 
the most expensive of the whole series of ordinary miner's 
lamps, whose cost again is being constantly reduced. 

To show also that the matter of the working cost is not 
a bugbear, a case came under the writer's notice in which 
one of the companies manufacturing the ordinary miner's 
lamps, the one which is making the most advanced form of 
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lamp for the purpose, had contracted with a firm of colliery 
owners to maintain all the lamps at several collieries, and to 
provide the lamps themselves on a hire system, for 2d. per 
lamp per week, inclusive of everything; but the соШегу 
owners, acting upon the advice of their manager, as soon 
as it was seen that the lamp was really satisfactory, pur- 
chased them all, because, as the manager told the writer, 
they could maintain the lamps cheaper than the figure 
given, after allowing for interest on the cost. 

But these аге not the only difficulties before we come to 
those which are purely electrical. 

The source of light, whether it be а candle or a safety- 
lamp, performs a double office for the collier. It furnishes 
light, and also indicates the presence of gas. 

In the formation of the coal-beds, during the thousands 
of years that have elapsed since the vegetation of which the 
coal-beds are formed died, large quantities of carburetted 
hydrogen gas have been evolved, in the process of the 
decay and subsequent action which goes on, and in the 
deeper coal measures the gas is still held in the pores of the 
coal, just as water 1s held in the pores of a sponge, coming 
away, more or less freely, as the coal is worked, in the opera- 
tion of cutting it away from its bed. Where gas is present, 
as with all steam coals, it is coming away, more or less con- 
stantly, all the time, and is quickly diluted by the strong 
current of air with which the working coal-faces are swept in 
modern mines ; but in some mines, and in most steam-coal 
colleries at some time, heavy rushes of gas take place, 
owing to the sudden liberation of a volume of gas which 
has been imprisoned in the strata, and in those cases the 
ventilating current is not always strong enough to dilute the 
gas sufficiently quickly, and it becomes important that the 
colliers who are working there should retire, and that for 
that purpose they should have timely warning, not only for 
_ the safety of the mine, but for their own protection from 
the inhalation of the gas itself ; and no warning is given by 
smell, as with our domestic illuminating gas. 

Carburetted hydrogen gas passes through three stages, 
according to the quantity of atmospheric air that is mixed 
with it, and in two of its stages it is dangerous to the 


miner. 
When pure, undiluted with atmospheric air, and up to a 
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point of dilution of four volumes of air to one of the gas, 
it will not ignite, and consequently cannot explode, because 
the necessary quantity of oxygen gas is not present. 

When it is diluted with eight volumes of air of atmo- 
spheric air, and up to a dilution of thirty volumes, it is 
inflammable and explosive. Тһе most explosive mixture 
consists of one volume of gas to 9:4 volumes of air. After 
this the mixture becomes less and less dangerous till at 
thirty volumes it is again neither inflammable nor explosive, 
because the mixture is damped by the large quantity of 
nitrogen gas present. 

The first and second stages are dangerous to the work- 
ing collier, because he may be breathing the gas, and the 
second stage on account of the liability to ignition. = 

But other gases are also present іп coal-mines, viz., 
the deadly carbonic acid gas (CO2) and the even more 
deadly carbonic oxide (CO). 

These gases are often present in old working-places 
which have been abandoned for a time, and they are 
always present after an explosion, and are the cause of the 
great danger incurred by the exploring parties who always 
go into the mine after an explosion to rescue any men that 
may be still alive. 

Both the ordinary safety-lamp and the naked candle 
denote the presence of carburetted hydrogen gas by an 
elongation of the flame on the lamp, and of carbonic acid 
gas by the extinction of the flame. Сагһопіс oxide gas, 
which is even more deadly than carbonic acid gas, and 
sulphuretted hydrogen gas, which is also found in small 
quantities in coal-mines, are not indicated by the miner's 
lainp at present in use. Mr. Rosenthal, the inventor of the 
gas-testing apparatus which the Sussman Company are 
adding to their lamp, states that his apparatus will denote 
the presence of any kind of раз; but the writer believes that 
he has not succeeded in distinguishing between the different 
gases which may be present, with his apparatus. 

Notwithstanding the above formidable list of difficulties 
in front of the inventor, the successful lamp has such 
enormous advantages that the writer believes that when once 
a lamp shall have thoroughly established itself it will be uni- 
versally adopted, in spite of additional first and working cost. 
In the writer’s experience, extending now over a period of 
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twenty-five years, he has found, as he expects most members 
of the Institution have also, that there are successive stages 
in the history of every successful invention. Тһе first may 
be termed the laboratory stage, in which the possibility of 
the thing 1s demonstrated, but in very crude form. The 
second is the stage in which the apparatus is in a 
practical form, but is expensive, both to manufacture and 
to maintain, and in which it is also usually uncertain in 
operation. In this stage, notwithstanding the expense and 
the uncertainty, there are always a limited number of cases 
in which it is economical, owing to special conditions ; and 
the experience gained in this stage leads to the third stage, 
in which the apparatus continues to be more expensive 
to manufacture and maintain than the apparatus which it 
is to displace, but in which its great convenience brings it 
within the economical reach of a larger and larger circle of 
users ; and this leads up, in the course of time, to the fourth 
stage, in which not only 1s the electrical apparatus more con- 
venient, but it is also more economical in first and working 
costs. 
The electric miner’s safety lamp is in the second stage at 
present. : 
The advantages which an electric portable miner’s lamp 
possesses, supposing it to be a reliable apparatus, are :— 
1. Complete freedom from the risk of an explosion from 
any carelessness or wilfulness of the working collier. 
At present, the colliery in which gas 15 given off in such 
quantity as to form an explosive mixture with the atmo- 
spheric air is completely at the mercy of the ignorant or 
careless collier. A blow from his pick may cause a crack 
in the glass, which will admit the gaseous mixture if present; 
the sudden tapping of a reservoir of gas may, by the passage 
of a continuous stream of an explosive mixture through the 
lamp, raise it to the temperature at which it will ignite the 
mixture ; and the collier himself, when working at the face 
of the coal, is often tempted to open his lamp when it has 
accidentaHy been extinguished, because, to relight it at the 
lamp station provided for the purpose, he will have to travel 
some distance towards the shaft bottom, and lose the time 
that he would be cutting coal. 
Many arrangements have been made by different inven- 
tors to prevent the collier from opening his lamp, the most 
VOL. XXX. 54 
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point of dilution of four volumes of air to one of the gas, 
it will not ignite, and consequently cannot explode, because 
the necessary quantity of oxygen gas is not present. 

When it is diluted with eight volumes of air of atmo- 
spheric air, and up to a dilution of thirty volumes, it is 
inflammable and explosive. Тһе most explosive mixture 
consists of one volume of gas to 9'4 volumes of air. After 
this the mixture becomes less and less dangerous till at 
thirty volumes it is again neither inflammable nor explosive, 
because the mixture is damped by the large quantity of 
nitrogen gas present. 

The first and second stages are dangerous to the work- 
ing collier, because he may be breathing the gas, and the 
second stage on account of the liability to ignition. 

But other gases are also present in coal-mines, viz. 
the deadly carbonic acid gas (CO2) and the even more 
deadly carbonic oxide (CO). 

These gases are often present in old working-places 
which have been abandoned íor a time, and they are 
always present after an explosion, and are the cause of the 
great danger incurred by the exploring parties who always 
go into the mine after an explosion to rescue any men that 
may be still alive. 

Both the ordinary safety-lamp and the naked candle 
denote the presence of carburetted hydrogen gas by an 
elongation of the flame on the lamp, and of carbonic acid 
gas by the extinction of the flame. Carbonic oxide gas, 
which is even more deadly than carbonic acid gas, and 
sulphuretted hydrogen gas, which is also found in small 
quantities in coal-mines, are not indicated by the miner's 
lamp at present in use. Mr. Rosenthal, the inventor of the 
gas-testing apparatus which the Sussman Company are 
adding to their lamp, states that his apparatus will denote 
the presence of any kind of gas ; but the writer believes that 
he has not succeeded in distinguishing between the different 
gases which may be present, with his apparatus. 

Notwithstanding the above formidable list of difficulties 
in front of the inventor, the successful lamp has such 
enormous advantages that the writer believes that when once 
a lamp shall have thoroughly established itself it will be uni- 
versally adopted, in spite of additional first and working cost. 
In the writer's experience, extending now over a period of 
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twenty-five years, he has tound, as he expects most members 
of the Institution have also, that there are successive stages 
in the history of every successful invention. Тһе first may 
be termed the laboratory stage, in which the possibility of 
the thing 15 demonstrated, but in very crude form. Тһе 
second is the stage in which the apparatus is in a 
practical form, but is expensive, both to manufacture and 
to maintain, and їп which it is also usually uncertain in 
operation. In this stage, notwithstanding the expense and 
the uncertainty, there are always a limited number of cases 
in which it is economical, owing to special conditions ; and 
the experience gained in this stage leads to the third stage, 
in which the apparatus continues to be more expensive 
to manufacture and maintain than the apparatus which it 
Is to displace, but in which its great convenience brings it 
within the economical reach of a larger and largér circle of 
users ; and this leads up, in the course of time, to the fourth 
stage, in which not only is the electrical apparatus more con- 
venient, but it is also more economical in first and working 
costs. | 
The electric miner's safety lamp is in the second stage at 
present. 
The advantages which an electric portable miner's lamp 
possesses, supposing it to be a reliable apparatus, are :— 
I. Complete freedom from the risk of an explosion from 
any carelessness or wilfulness of the working collier. 
At present, the colliery in which gas is given off in such 
quantity as to form an explosive mixture with the atmo- 
spheric air 1$ completely at the mercy of the ignorant or 
careless collier. A blow from his pick may cause a crack 
in the glass, which will admit the gaseous mixture if present; 
the sudden tapping of a reservoir of gas may, by the passage 
of a continuous stream of an explosive mixture through the 
lamp, raise it to the temperature at which it will ignite the 
mixture ; and the collier himself, when working at the face 
Of the coal, is often tempted to open his lamp when it has 
accidentally been extinguished, because, to relight it at the 
lamp station provided for the purpose, he will have to travel 
some distance towards the shaft bottom, and lose the time 
that he would be cutting coal. 
Many arrangements have been made by different inven- 
tors to prevent the collier from opening his lamp, the most 
VOL. XXX. 64 
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successful of which have called in the aid of electricity ; but 
the writer is informed by practical mining managers that 
even the most ingenious of these can be opened, if the 
collier puts his mind into the matter. 

2. The second advantage to be obtained from the use of 
ап electric safety lamp is a lessening of the accidents which 
аге so frequent in mines from falls of roof and from ассі- 
dents due to the machinery that is used for haulage and other 
purposes. 

The ordinary miner's lamp not only gives a poor light, 
compared with that given by the portable electric lamps 
which have been tried in collieries, but it is also. extremely 
sensitive. It must not be held much out of the vertical, and 
it must not be jerked suddenly, or it will be extinguished. 
The writer, when underground а few weeks since, was 
climbing over a tram 11 going to the face, when his lamp 
accidentally bumped against the tram and immediately went 
out. Working colliers are, of course, well acquainted with this 
failing, and are very skilful in keeping their lamps alight, but 
notwithstanding this, the extinctions of lamps during the 
working day are many. 

The matter affects the number of accidents from the 
following: As is well known, the coal-beds lie at great 
depths beneath the surface, some as much as 9oo yards, 
and the roofs of the roads and working-places have to bear 


` the weight of the superincumbent strata, and in addition 


there is always going on what is known as squeeze—the 
sides of the roads are forced inwards, and the floor is forced 
upwards. | 

All this is provided for by systematic timbering. Props 
and beams are placed in all positions where it is thought to 
be necessary, certain officials of the colliery going. round 
periodically to examine the roof, etc., and to see that all is 
safe. It will easily be understood that, with a light not good 
at its best, and one which it 1$ necessary to hold іп a vertical 
position, in which position the light itself is some distance 
from the object to be examined, say the roof, or a timber 
which may show signs of giving out, the examination 15 
never so effective as it would be if a lamp was in use, such 
as the portable electric lamp, which could be held in апу 
position and placed as close as required to the object, and 
which furnished a better and a clearer light in addition. 


- 
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This applies also to the operation of fixing timber in the 
mine, and replacing it as required. The operation of fixing 
timber is one requiring considerable skill. In most mining 
districts it forms a prominent feature іп any sports that are 
held; the arrangement of the two upright timbers with 
reference to the timber which forms the beam, and which 
the two uprights are to support, requires considerable skill 
and practice. It need hardly be pointed out that, where 
these operations have to be carried out in the mine, the use 
of a lamp which can be held close to the work, and in any 
position, is of immense value, and must lead to the saving 
of many lives, it being a well-known fact that, while an 
explosion sometimes sweeps away several hundred lives in 
а few minutes, there is a constant dribble of lives going on, 
due to falls of roof and accidents with machinery, which a 
lamp of the kind mentioned should at least reduce. 

The loss of Ше and limb from accidents in coal-mines 
for the last year for which a return has been made are аз 
follows :— 

The total numher of deaths from explosions of gas, 
coal dust, &c., 1n mines in the year 1899 was 54, and from 
falls of grounds 456. There were 23 accidents from 
explosions of gas or coal dust, and 443 from falls. Also, 
there were 13 fatal accidents іп coal mines due to the use of 
naked lights, and 116 non-fatal accidents, leading to the 
loss of 36 lives, and the injury of 165 persons besides. 
Again, of the accidents from the use of naked lights, one 
was due to a collier illegally opening his lamp, and 
two, leading to three deaths, to lamps being injured while 
in usé. These figures appear to the writer to be very 

striking. 

Since the passage of the Workmen's Compensation Act, 
each life lost in a coal mine costs the colliery owner from 
4120 upwards, while each non-fatal accident to а man 
costs from {60 upwards.! 

From these causes the writer is of opinion that colliery 
owners will tind it to their advantage to adopt a practical 
electric safety lamp, even if it costs considerably more to 
purchase, and to maintain, than the present ой lamp. 

The problem, therefore, resolves itself into the provision 


к [t will be understood that the figures as to cost of compensation are to 
be taken as approximate, 
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successful of which have called in the aid of electricity ; but 
the writer is informed by practical mining managers that 
even the most ingenious of these can be opened, if the 
collier puts his mind into the matter. 

2. The second advantage to be obtained from the use of 
an electric safety lamp is a lessening of the accidents which 
are so frequent in mines from falls of roof and from acci- 
dents due to the machinery that is used for haulage and other 
purposes. 

The ordinary miner’s lamp not only gives a poor light, 
compared with that given by the portable electric lamps 
which have been tried in collieries, but it is also extremely 
sensitive. It must not be held much out of the vertical, and 
it must not be jerked suddenly, or it will be extinguished. 
The writer, when underground a few weeks since, was 
climbing over a tram in going to the face, when his lamp 
accidentally bumped against the tram and immediately went 
out. Working colliers are, of course, well acquainted with this 
failing, and are very skilful in keeping their lamps alight, but 
notwithstanding this, the extinctions of lamps during the 
working day are many. 

The matter affects the number of accidents from the 
following: As 15 well known, the coal-beds Пе at great 
depths beneath the surface, some as much as goo yards, 
and the roofs of the roads and working-places have to bear 
` {Һе weight of the superincumbent strata, and in addition 
there is always going on what is known as squeeze—the 
sides of the roads are forced inwards, and the floor is forced 
upwards. 

All this is provided for by systematic timbering. Props 
and beams are placed in all positions where it is thought to 
be necessary, certain officials of the colliery going round 
periodically to examine the roof, etc., and to see that all is 
safe. It will easily be understood that, with a light not good 
at its best, and one which it 1s necessary to hold in a vertical 
position, іп which position the light itself is some distance 
from the object to be examined, say the roof, or a timber 
which may show signs of giving out, the examination 15 
never so effective as 1t would be if a lamp was in use, such 
as the portable electric lamp, which could be held in anv 
position and placed as close as required to the object, and 
which furnished a better and a clearer light in addition. 


- 
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This applies also to Фе operation of fixing timber in the 
mine, and replacing it as required. The operation of fixing 
timber is one requiring considerable skill. In most mining 
districts it forms a prominent feature in any sports that are 
held; the arrangement of the two upright timbers with 
reference to the timber which forms the beam, and which 
the two uprights are to support, requires considerable skill 
and practice. It need hardly be pointed out that, where 
these operations have to be carried out in the mine, the use 
of a lamp which can be held close to the work, and in any 
position, is of immense value, and must lead to the saving 
of many lives, it being а well-known fact that, while an 
explosion sometimes sweeps away several hundred lives in 
a few minutes, there 1$ а constant dribble of lives going on, 
due to falls of roof and accidents with machinery, which а 
lamp of the kind mentioned should at least reduce. 

The loss of life and limb from accidents іп coal-mines 
for the last year for which a return has been made are as 
follows :— | 

The total number of deaths from explosions of gas, 
coal dust, &c., in mines іп the year 1899 was 54, and from 
falls of grounds 436. There were 23 accidents from 
explosions of gas or coal dust, and 443 from falls. Also, 
there were 13 fatal accidents in coal mines due to the use of 
naked lights, and 116 non-fatal accidents, leading to the 
loss of 36 lives, and the injury of 165 persons besides. 
Again, of the accidents from the use of naked lights, one 
was due to a collier illegally opening his lamp, and 
two, leading to three deaths, to lamps being injured while 
in usé. These figures appear to the writer to be very 
striking. 

Since the passage of the Workmen's Compensation Act, 
each life lost in a coal mine costs the colliery owner from 
£120 upwards, while each non-fatal accident to a man 
costs from {£60 upwards. 

From these causes the writer is of opinion that colliery 
owners will find it to their advantage to adopt a practical 
electric safety lamp, even if it costs considerably more to 
purchase, and to maintain, than the present oil lamp. 

Тһе problem, therefore, resolves itself into the provision 

і It will be understood that the figures as to cost of сотрепзайой are to 
be taken as approximate. 
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of an incandescent lamp, giving more light than the existing 
lamp does, attached to a source of electric energy capable 
of furnishing it with current for twelve hours, eight of which 
should be such that the light given by the lamp ts the best 
that it is capable of giving, and of doing this at a cost as to 
manufacture and as to maintenance that shall not be too 
large a multiple of those of ‘the existing apparatus, and with 
the reasonable hope that with increased use and increased 
knowledge the cost may be brought down to and below 
that of the existing lamp. 

There are evidently two methods of attacking the problem 
involved in the provision of the necessary supply of elec- 
trical energy, both of which present considerable difficulties, 
mainly from the fact that both size and weight are so limited, 
уі2., by means of either primary or secondary batteries. 

The only lamp at present in use in this country, the 
Sussman, 1s provided with energy by means of a secondary 
battery, as also were the lamps of Mr. Swan, Mr. Pitkin, and 
that known as the Bristol, those worked out by Mr. Niblett 
—all of which had a certain measure of success. 

The lamp worked out by the writer, which he was unable 
to place on the market for financial reasons, has a primary 
battery, as also had that of Mr. Schanschieff, Mr. Maquay, 
and others. 

The light given by the early lamps, those of Mr. Swan, 
Mr. Pitkin, and others, measured from 2 с.р. up to 4 c.p., or 
thereabouts. The light given by the lamps in use on the 
Continent varies from I c.p. up to 8 c.p., or thereabouts. 
But the English practice, as far as it has gone up to the 
present, has settled down to a standard of т c.p. 


DIFFICULTIES COMMON TO BOTH PRIMARY AND SECONDARY 
BATTERY LAMPS, 


The difficulties which are common to both forms of 
lamp lie in :— 
. The incandescent lamp itself. 
. The case which 18 used to hold the battery. 
. The connections between the lamp and the cells. 
. The prevention of the escape of the liquids used in 
the battery. 
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+ Practice has for the present decreed that two cells, whether 
primary or secondary, shall be employed. 

г. The incandescent lamp itself presents a very consider- 
able portion of the whole difficulty. While lamp makers are 
able to manufacture lamps of comparatively low candle- 
power at the high voltages of 230 to 250 volts, they are 
unable to construct lamps of т c.p. ог 2 c.p. at voltages 
below 34 volts, and those have only recently been made, 
and are not always as satisfactory as one could wish. One 
important reason for this difficulty is the fact that, when low 
candle-power, low voltage lamps are in question, thermal 
conductivity plays a very important part in the matter. 

The filament generating heat and light is necessarily 
extremely short, and it has also necessarily, according to 
our present manufacture, connected to its ends two platinum 
wires, which are in turn connected to two copper wires ; 
hence it follows that a large proportion of the heat generated 
in the filament is carried off as heat by the terminal wires, 
and is not available for furnishing light. 

When the writer returned to the problem about five 
years ago, he sent all over the civilised world for lamps 
which, according to the advertisers, should have given him all 
that he wanted; but he was obliged to come back to English 
makers, and to the Edison-Swan Company in particular, 
before he was able to obtain anything at all near what he 
wanted. He understands that the inventors of other portable 
lamps have met with similar difficulties. Lately he has seen 
some lamps of American manufacture which he believes are 
nearer to what he wanted, though he has not yet had an 
opportunity of testing them. His first idea, which the 
writer believes will be realised when lamp makers turn their . 
attention seriously to the problem, was to have had a single 
cell of only one volt pressure, as will be explained later, but 
that he found quite out of the question, as no lamp manu- 

facturer would even consider the possibility of making them, 
and he was gradually driven to the same point as other 
inventors, viz., to the 34 to 4 volt lamp, as the best that 
could be done for the present. 

2. The case which is used to hold the battery, whether 


х In the case of the Doe lamp, which is described in the paper, four cells are 
employed, as the E.M.F. of the individual cell is lower than that of the lead, 
—lead oxide secondary cell. 
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primary or secondary, has always been a serious stumbling- 
block to inventors. 

Тһе cells must necessarily be held in vessels of insulating 
material, in the first instance; but all insulating materials 
are brittle, апа many of them bulky and awkward to 
manipulate, іп the small space available; vulcanite, the 
most suitable in other respects, being the most brittle, and 
being also very expensive. 

Mr. Swan solved the problem in some of his lamps, by 
using gutta-percha for the cells, and placing the nest of 
cells in a strong cvlinder of hard wood. Unfortunately the 
gutta-percha softened when in use, owing, the writer under- 
stands, to the sulphuric acid which was spilt, generating 
heat in the well-known manner by attícking the wood 
cylinder. 

Many inventors left the matter practically to take care of 
itself, providing an outer case of vulcanite and letting it take 
its chance. 

The writer, in his first attack on the problem in 1884, 
placed his cells, which were of carbon, coated with an 
insulating compound, in a vessel of copper, coated on the 
inside with an insulating compound, but the compound and 
the copper were quickly attacked by the acid which was 
spilled inside the case each time the battery was recharged. 

The Sussman Company use vulcanite cells held in a thin 
steel case, and in his latest lamp the writer used vulcanite 
cells held in a case of aluminium, and so far he understands 
that both the Sussman Company's arrangement and his own 
have answered, though his own has not had the advantage 
of an extended trial. 

3. The arrangement of the connections between the cells 
and between them and the lamp, and the switch when there 
is one, 1$ also a difficult matter. It is not so serious in the 
secondary batteries as in the primary battery, because with 
the former it 1s not necessary to break the connections each 
time the lamp is used, as it is with the primary battery. On 
the other hand, with the secondary battery the connections 
are apt to be overlooked, not being necessarily attended to 
at each charge; and with both forms there is always the 
trouble that the liquid, which always contains acids of some 
kind, will creep to the connecting wires and eat them in 
two, assisted by the current of the battery itself. 
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With the primary battery also there is considerable 
difficulty in arranging that the connections shall be quickly 
and surely made. It must be remembered that in some of 
the large collieries as many as a thousand lamps may be in 
use at the same time, and have to be got ready for the 
workmen in a certain time, so that any arrangement which 
involves the occupation of a long time in making connec- 
tions to each individual lamp will put the lamp out of the 
running from that cause alone. 

4. The prevention of the escape of the liquids used in 
the battery, whether primary or secondary, 1$ also a matter 
of considerable difficulty. 

If the lamp was always carried in the vertical position, 
and the collier always travelled at a slow pace, this would 
be a simple matter ; but the collier travels at a fair pace 
underground, even with all that he has to contend against, 
and this fact alone causes the liquids in the vessels of which 
the battery is formed to rise on one side ; added to which, 
one of the great beauties of the electric lamp is to be the 
possibility of using it in any position. And this is not all, 
unfortunately. In the working of both forms of battery, as 
is well known, gases are given off, which also tend to drive 
the liquids out of the vessels by any opening which presents 
itself, and severely strains any arrangement made for keeping 
them in. The escape of the liquid in either battery, it need 
hardly be mentioned, is fatal. 


DiFFICULTIES PECULIAR TO THE SECONDARY BATTERY 
КОЕМ ОЕ LAMP. 


Тһе difficulties peculiar to the secondary form of lamp 
are :— 
I. The uncertainty of the life of the battery itself. 
2. The fact that so many hours are required for 
recharging. 
3. The uncertainty as to whether a lamp is actually 
charged when it is sent down the pit, or not. 
I. The first difficulty is well known to electrical engineers 
who have had anything to do with secondary batteries. 
As far as the writer's experience has gone, if you have 
plenty of room for a secondary battery, so that the plates 
can be kept well apart, and have a space below the bottom 
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of the plates into which any chippings from the active 
material can fall clear of the plates, and the battery itself can 
be kept fairly free from motion, the secondary battery works 
well, and has a long life; but when you are confined as to 
space, so that any chippings fall between the plates, and 
may cause short circuits, and when in addition you subject 
the battery to motion so that the active material tends to 
work loose under the operation of the motion and the pres- 
sure of the gases formed, the battery has a somewhat short 
life ; and these are the conditions under which the battery 
has to work in the miner’s lamp. It is only fair to say, 


. 


however, that secondary batteries are being improved їп 
this respect. 

2. The fact that the battery requires ten hours to 
recharge is, of course, not so much against it when a large 
number of lamps are in use together, and when the whole 
thing is established on a proper system, but it is rather a 
drawback in the early stages of its introduction. | 

3. The uncertainty as to whether a lamp will run its full 
shift is a very serious matter indeed, and it follows from the 
same cause as that mentioned in т, viz., that the active material 
has a constant tendency to chip off during the use of the 
lamp, and to drop between the plates and short-circuit one 
of the cells, with the result that the lamp 18 extinguished. 

The large number of connections necessary for charging 
a large number of batteries is also a somewhat serious 
matter at a colliery, and the uncertainty as to how long a 
lamp will burn may be accentuated if, as is the usual 
practice, the lamps are charged several in series. 


DIFFICULTIES PECULIAR TO THE PRIMARY FORM OF 
BATTERY LAMP. 


These are :— 


т. The difficulty of making а single-fluid primary 
battery which shall furnish the necessary energy 
for the lamp for the time required, within the space 
and weight named. 

2. The provision of this electrical energy at a cost that 
will compare with that of the existing oil lamps. 

3. The arrangement of chemicals, zincs, etc., 50 that 
the lamps can be charged quickly, and that the 
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waste chemicals shall not be a nuisance to the 
colliery. 


I. The difficulty of providing the requisite amount of 
energy within the space and weight named is well known. 
Primary batteries, though the conditions of working are not 
the same, require very much the same arrangements for 
successful work as secondary batteries. That is to say, if 
you can have plenty of liquid for the secondary salts to be 
dissolved іп, which means plenty of space and weight, and 
if you can separate the liquids which surround the positive 
and negative elements, and if you can arrange for the gases 
which are formed in the working of the battery to come 
away freely into the surrounding atmosphere, you have a 
chance of getting a primary battery to give you a fairly 
constant current ; but you have none of these conditions 
present with the battery which is to work the miner's lamp. 

A porous cell would be absolutely prohibitive, as it 
would so complicate the arrangements for making the 
connections, renewing the zincs, and closing the vessels 
containing the cells ; and it is doubtful if the porous cell 
would behave as an efficient separator when subject to the 
swinging motion that the lamp receives under ordinary 
circumstances, when the miner is going to his work or 
when used by hauliers. 

Also, in the working of every primary battery, the salt of 
zinc which is formed upon its surface must be dissolved 
off, or the usual opposing E.M.F. known as polarisation 1$ 
set up. 

Further, apart from the fact that the hydrogen gas which 
is liberated in the working of the battery, as well as any 
metallic salts, require the presence of a certain quantity of 
material that will deliver up its oxygen іп order to get rid 
of polarisation, the secondary salts which are formed 
require also a certain quantity of liquid that will dissolve 
them, or they will also form resistance and opposing 
E.M.F.s, which will quickly decrease the working current 
from the battery. And it is a most difficult thing to put 
all these, in one liquid, within the space and weight that are 
permissible, and to provide as well for the solution of the 
gases which are formed in the working of the battery. 

2. The provision of the necessary energy to furnish the 
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required candle-power at a price which will compare with 
the present cost of doing the same work 4s perhaps the 
hardest problem of all. 

When the problem is attacked in a practical manner, it 
is found that in order to obtain the necessary quantity of 
energy within the space and weight allowable, it is absolutely 
necessary to employ the strongest acids on the market ; and 
again one of the most powerful, nitric acid, cannot be used 
on account of the fumes which are formed by its decompo- 
sition in working of the battery. Апа practically the 
problem resolves itself into the employment of one of the 
salts of chromium, which are unfortunately very expensive 
as at present made. The zinc used in the battery is not a 
serious item, and all ends of zincs unused сап be worked 
up again. 

Several inventors have proposed the recovery of the used- 
up liquor and the working up of the materials, but one 
great difficulty has always stood in the way, viz., that of 
collection of the used-up material. A substance may be of 
а certain value at a chemical works, but if it costs more 
than that value to deliver it there, its actual value becomes 
а minus quantity. Nevertheless, in the writer's opinion, it 1s 
in this direction that primary battery inventors of. electric 
miner's lamps must work, and he believes that, with proper 
organisation, any difficulties met with would be overcome. 
The problem involved is to a large extent similar to that 
involved in dealing with a large number of secondary battery 
lamps : organisation is what is required. 

3. The third item in this connection is by no means one 
to be despised. Where there are, say, a thousand lamps to 
be supplied with liquid every day, and each lamp takes one 
pint, or thereabouts, the quantity of liquid to be stored at 
the colliery, or to be prepared each day, is a serious matter, 
as is also the provision of arrangements for quickly filling 
the cells each time they come for charge, and quickly 
emptying them, together with some necessary provision for 
dealing with the old material, and the testing and cleaning 
of the different parts in addition. Again, however, in the 
writer's opinion, the whole of this is a matter for organisa- 
tion. 


And now as to how far the requirements of the situation 
have been met. 


Fic. 1.—The Sussmann Electric Miner's Lamp, with gas detector attached. 
The small incandescent lamp in front forms the detector, brought into 
circuit by a mercury column shown inside the metal gauze on the left of 
the lamp. 
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SECONDARY BATTERY LAMPS. 


Secondary battery lamps are represented by those of Mr. 
Swan, Mr. Pitkin, the lamp known as the Bristol, and the 
Sussmann, the Headland, as well as those of Mr. Niblett and 
other experimenters. The Sussmann lamp is shown in 
Fig. т, and the Headland lamp in Fig. 2. 


Fic. 2.—Headland Electric Miner's Lamp. The storage battery is inside the 
bonnet, in the upper part of the lamp. 


Mr. Swan's first lamp, which was brought before the 
North of England Mining Institute іп December, 1885, 
contained seven separate vulcanite cells, fixed inside 
a vulcanite cylinder with a vulcanite cover. The outer 
vulcanite cylinder measured 42 inches in diameter, by 73 
inches high. Each vulcanite cell contained a grooved lead 
cylinder, the grooves being packed with spongy lead, and a 
lead wire in the centre coated with peroxide of lead and 
wrapped with a cloth ; dilute sulphuric acid, as usual, was the 
electrolyte between the elements. The lamp was fixed on 
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the side of the outer cylinder, protected with a glass bull's- 
eye, and backed by a piece of white cartridge paper. The 
lamp gave a light of 24 candles, gradually falling to two 
candles ; it weighed 8 №5. | 

So far as the writer is aware, this lamp never came into 
practical use. | | | 

Мг. Swan's lamp of 1886 was made іп two sizes, with 
two and four cells respectively. Тһе body of the lamp 
consisted of a block of hard wood, with two or four ebonite 
cylinders embedded in cylindrical holes provided for them 
in the block. Тһе terminals were at the bottom of the 
lamp, and a gas tester was attached to it. It weighs 53 d 

Mr. Swan's lamp of 1887, the writer believes, the T 
which Mr. Swan brought out, consisted of four cylindri | 
cells, formed of one casting of gutta-percha, the ael 
embedded in a block of hard wood, and the outer case Ж 
with a strong iron cover, with а handle attached, and a lock. 
The incandescent lamp was placed on the side, with 2 
bull’s-eye to protect it, and a disc of white cartridge pape! 
for a reflector. ЖТ 

It furnished а current of o:5 amp. at a pressure of авн 
volts, and weighed 8 lbs. It was also fitted with a ied 
able gas-testing apparatus, consisting of a platinum be 
within a combustion chamber to which the atmosphere : 
be tested was admitted for a short interval, and the 2. 
then turned on from the battery ; а dial registered t : 
amount by which the volume of the gases present pe 
diminished, when the firedamp had been consumed by 
heated platinum wire, this being the measure, properly pro- 
portioned in the dial, of the firedamp present. 

Some three thousand of these lamps were ordered 2 is 
colliery in South Wales, and six hundred were actua У 
supplied and put to work, but their use was abandoned ue 
account of the fact already. mentioned, that the eal c 
softened owing to the heat developed by the action 0 
sulphuric acid on the wood. 

When Professor Silvanus Thompson gave his са 
Electricity in Mining to working men, at the Bri — 
Association meeting at Cardiff, іп 1892, he exhibited ae 
of Mr. Swan’s then latest pattern lamps, which were, t 
writer believes, similar to the last described, except js 
very pretty and, it appeared to the writer, а very practica 
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form of switch had been added, consisting of a bent glass 
tube, inside the wood block, with two platinum wires, inside 
the tube, representing the two sides of the switch, with a 
mercury globule which, by canting the lamp, could be caused 
to close the circuit, or open it as required. 

In the writer's opinion, it was a great pity that other 
business prevented Mr. Swan from attacking the problem 
again. 

Mr. Pitkin's lamp consisted of four rectangular vulcanite - 
cells, each with a pair of lead plates, properly formed, the 
four being fixed in a polished wood box. The box had a 
wooden cover, which either slid into a groove or was 
screwed оп. The incandescent lamp was carried on one 
end of the wooden box, in the focus of a reflector, and pro- 
tected by a strong glass. 

It also had a switch and ап adjustable resistance, а very 
pretty arrangement, but one the writer feared at the time 
would be found too delicate for colliery work. It consisted 
of a rheostat formed by coiling a resistance wire round 
another wire, and forming the two into a circle, over which 
a contact-piece, fitted with a thumb-piece, moved. 

The lamp was supported by a leather handle, which was 
nailed to each end of the wooden box. 

The lamp weighed about 8 Ibs., and gave a light іп one 
direction of about four candles. 

It was tried at a number of collieries: іп опе case that the 
writer knows of, the manager going so far as to give two 
colliers, working at the face, a lamp between them, so that 
the question of weight should not be prohibitive. 

As far as the writer is aware, no lamps of this kind are 
in use at present in collieries in the United Kingdom, and he 
believes that they succumbed to the three causes which he 
has named, viz. : The inherent trouble attendant upon the 
secondary .battery when the plates are confined, and when 
they are subject to constant motion ; the destruction of the 
wooden cases owing to their being attacked by the acids 
which were spilled ; and the fact that constant trouble was 
experienced with the connections getting eaten in two by 
the acid. 

The Bristol lamp is very much on the same lines as the 
Pitkin, but smaller. The writer believes that no serious 
attempt has been made to introduce it for mining work, 


834 WALKER: ELECTRICAL MINER'S | March 25th, 


though the writer knows of one lamp in which the outer 
wood case has been replaced by a metal case, which is stated 
to have given very good results. It is used by a managing 
director who does not often go down the pit. 

It should be mentioned that all the secondary battery 
lamps were subject to the serious drawback that not much 
was known at the time they were invented, outside of a 
certain circle, of the behaviour of secondary batteries, and 
of the plates of which they were composed. 

Mr. Niblett made also a determined attempt to produce 
a practical secondary battery miners lamp, using а solid 
plate of peroxide for the positive plate. Не also made 
several attempts to protect the^ connections between the 
cells, and between the cells and the lamp and switch, by 
gold-plating the connecting pieces, and by other methods ; 
but the writer believes that at present none of the lamps 
made on the plan introduced by Mr. Niblett's SIDES are 
now in use in mines. 

The Headland is another attempt of more — date, 
and it is їп many respects а very promising one, though 
the writer believes that it has not yet come into. practical 
use. 

Mr. Headland's idea seems to have been to imitate the 
old form of lamp exactly, in outward appearance, and he has 
succeeded in doing so remarkably well. As will be seen 
from the illustration, and from the lamp itself, it would not 
be known from the ordinary miner's oil lamp, except on a 
moderately close inspection. In appearance it is a bonneted 
Mueseler lamp, or one of a similar type, the difference being, 
on inspection, that in place of the oil-well there 15 a plain 
brass disc forming the base of the lamp, and that light is 
given by an inverted incandescent electric lamp, held inside 
the space usually occupied by the lamp-wick and the vapour 
that is burning. There is the same stout glass cylinder 
outside the incandescent lamp, that protects the oil lamp 
flame, and the glass 18 protected as in the oil lamp by 
vertical brass bars surrounding the glass, at intervals. Тһе 
secondary battery of the Headland lamp is carried inside 
the iron bonnet above the incandescent lamp, and connec- 
tion is made between the cells and the incandescent lamp 
by means of wires led to an ingenious form of switch. 

The switch consists of the top and bottom of the lamp, 
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or rather of springs similar to, but larger than, the ordinary 
push springs used in house-bell work. Switching on and 
off between the battery апа the lamp is accomplished Бу 
turning the bottom portion of the Jamp through an arc of 
90°, the springs attached to the top and bottom allowing 
this to be arranged. 

So far as the writer is aware, the only special feature 
about the battery is, that it 1$ made оп Mr. Headland's 
special form, the plates being of the type of onc of the many 
forms of secondary battery plate that have been introduced 
of late years, with the object of securing a larger quantity of 
active material. The battery is contained in. (һе usual 
vulcanite case, and consists of two cells, and it occupies the 
space inside the iron bonnet. 

The writer has seen and used this lamp underground, 
and it appeared to him to be a remarkably convenient form. 
It gives a light of one candle-power for the usual shift of 
ten hours, and weighs 43 Ibs. 

The Sussman lamp, the only lamp of any kind which 15 
in actual operation, consists of two vulcanite cells, each 
containing two lead plates of the usual secondary battery 
tvpe, one supporting a.coating of peroxide of lead, the 
other finely divided lead. The two vulcanite cells are held 
inside а tin case, which is lined with either paper or 
varnish. 

The cells are closed, as are all those of the secondary 
lamps, with pitch run in on top of the plates, leaving vent- 
holes and spaces for the tops of the plates. The lamp is 
mounted on a small platform consisting of a block of 
vulcanite, which also carries the switch, and which 15 
attached to the tin case forming the base by means of 
screws. Connection is made between the vulcanite top, 
with the lamp and switch, and the cells, by means of flexible 
cords similar to those used for pendant incandescent lamps, 
and which are fitted with small brass plugs which again fit 
into holes in the lead plates arranged for them. This 
arrangement is very convenient, as it enables the top to be 
easily and quickly removed for charging, and it also enables 

any top to be used with any cells, provided the tops are all 
made accurately to template. In the Sussman lamp also a 
couple of porcelain reflectors are carried, one above and 
one below the lamp, each being of a conical form, and with 
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the lamps intended for colliery officials. there is also a 
reflector behind the lamp. 

The reflector behind the lamp is of great service in the 
lamp used by the colliery officials, as when two or more are 
walking along a road underground they do not want the 
light of the man in front in their eyes. 

But the great feature of the Sussman lamp, and that 
which has made it successful, as far as it has been so, is 
undoubtedly the material which is placed between the 
secondary plates. 

The writer understands that in the early lamps trouble 
was experienced from three causes, all of which have been 
fairly well got over, viz. :— 

I. The two vulcanite cells for each lamp were made in 
one casting, and the division-wall was constantly failing. 
They are now made in separate cells, two for each lamp. 

2. The active material of the secondary battery plates 
chipped off, and made short circuits at the bottom of the 
cell in the well-known manner. This has been got over by 
placing two indiarubber bands, fairly thick, vertically round 
each plate, so as to lift it off the bottom -of the cell, as in 
stationary batteries, and keep the plates apart. 

3. The early form of the substance which was placed 
between the plates was of a gelatinous nature, through 
which the active material sometimes worked, again forming 
short circuits. This has been got over by forming the 
substance of a vegetable material, which, it is stated, 
successfully resists the passage of the active material 
through it. 

The adoption of these improvements has apparently made 
the Sussman lamp a success, according to the accounts of the 
colliery managers who have used it in the county of Durham. 

But the Sussman Company have also gone a step further, 
and have added to the lamp a gas-indicating apparatus, con- 
sisting of a smaller lamp, coloured red, as are all similar 
indications in a mine, and which lights up in the event of 
the lamp being in an atmosphere containing a small per- 
centage of ordinary domestic illuminating gas, or hydrogen 
gas. The apparatus consists of a perforated metal cylinder 
containing a glass tube with mercury inside, and the usual 
bulb, practically a thermometer, on the outside of the bulb 
of which is placed some finely-divided palladium. The gas 
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impinging on the palladium generates heat, which causes 
the mercury to expand, and closes an electric contact between 
the battery and connections leading to the small red lamp, 
which then immediately lights up, and warns the miner that 
he must retire. When the gas is dissipated by the ventilating 
air current, or when the miner hasretired to a place of safety, 
the small red lamp 1$ extinguished. The writer saw the 
Sussman lamp with this addition tested at the Company's 
offices, the gas employed being ordinary town illuminating 
gas, and it appeared to work well. Тһе question to be 
decided in these cases is whether it will stand the test of 
practical work in a mine, and whether it will respond to 
marsh gas. Ш it does, it may fairly be said that the problem 
involved in the Electric Miner's Safety Lamp is solved, 
the whole of it. It would certainly be better if the testing 
apparatus distinguished between different gases, but this will 
probably follow if the present apparatus turns out to bea 
really practical apparatus. 

Secondary battery lamps are usually charged from the 
ordinary electric light service, the lamps being connected 
in series parallel. "The Sussman lamps, which require about 
6 volts to charge, are arranged in strings of 16, with а 
resistance and a small incandescent lamp in each series. 
In the writer’s opinion it would be much better to charge 
each lamp, or rather each battery, direct from the circuit, 
transforming the current, if necessary, for the purpose, 
down to the voltage necessary for each individual lamp. 
When lamps are charged in strings, there is always the 
danger, as it appears to the writer, that one or more of the 
batteries may not be getting its current, while the remainder 
on that string will then be getting more than they should 
do. It is true that the presence of the incandescent lamp 
in each string should form а guide that all is, ог 15 not, 
going right—that is to say, that approximately the right 
current is passing; but, as members are well aware, the 
incandescent lamp, especially the very small ones, though a 
very useful guide, is a very uncertain and a very inaccurate 
one. In the writers opinion a service should be laid out at 
6 volts, or whatever the charging pressure may be, divided 
into sections, very much as a tramway service 15, each 
section having its own feeders, and there being as many 
pairs of connecting plugs, with flexible cords attached, as 
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the feeder will supply. Each lamp would then, on coming 
out of the pit, have its battery detached, as at present, and 
the battery would be put in its place on the charging table, 
the attendant only having to plug in the connecting wires 
in the holes where the connecting wires from the lamp are 
connected, and watch the instruments. | Each section should 
have an ammeter showing the current going into the section 
as a whole, and each battery circuit should have a small 
ammeter showing the current going into each individual 
battery. 

It will no doubt be objected that all this will cause 
expense, and that a thousand connections will be puzzling, and 
soon. In the writer's opinion the arrangement by which 
each lamp takes its current direct from the supply service 
will be far less puzzling than the series-parallel arrange- 
ment, and it will give the engineer in charge complete 
control over each individual lamp. Тһе measuring instru- 
ments will add to the first cost, but instruments such as 
would answer for the individual battery circuits could be 
made, in the quantities that would be wanted if the lamp is 
adopted generally, at a small cost, while their use would 
save many a ton of coal lost to the collier and to the output 
of the pit for that day. 

The writer imagines that his experience is the same as 
that of other members of the Institution, viz., that within 
certain limits you cannot make a mistake іп adopting 
measuring instruments, and that their cost is repaid many 
times over by the command they give over the working of 
the apparatus, and the ability they confer upon the engineer 
to avert break-downs, and the equivalent. 

Before leaving the subject of secondary batteries for 
miners’ lamps, the writer would like to repeat the suggestion 
which he made in the discussion on Mr. Wade's paper 
before this Institution, and in the discussion on Professor 
Hele Shaw’s paper before the Institution of Mechanical 
Engineers, viz., that the whole problem of the secondary 
battery requires to be reconsidered with a view to its being 
made very much lighter, and stronger. 

As the writer understands the matter, the lead plate only 
performs the office which the carbon plate performs in the 
primary battery, with the addition that it acts as the support 
for the active material. If another metal could be arranged 
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to act as the electrode, and as the support for the active 
material, such as aluminium, the grids being formed of that 
metal, the result should be a very much lighter cell for the 
same work, and a very much stronger one. 

The writer understands that something of the kind has 
been done, but that it was not followed ир ; a secondary 
battery plate being formed of an aluminium grid, with the 
active material, positive апа negative, pressed into it. 

From America also comes an account of a grid formed 
of some special vegetable material, which is stated to form 
with the active material, under the influence of the current, 
a solid mass that will take a charge in the usual way and 
deliver it. 

The writer begs to commend these points to those who 
are interested in secondary batteries. 


THE COST OF WORKING SECONDARY BATTERY LAMPS. 


It is always difficult to obtain costs of working, especially 
when an apparatus is more or less in the experimental 
stage. Managers are loth to give figures, and the figures 
that would be obtained would hardly be accurate, on 
account of the extra expense which always attends the 
introduction of new apparatus, especially under conditions 
such as rule in this case. 

Further, the Sussman lamp is the only one for which 
figures could be possibly obtained, as it is the only one in 
practical use, but the figures which the writer gives with 
reference to the Sussman lamp must be taken as only 
approximate for the above reasons. 

The working cost of any secondary battery lamp is made 
up of :— 


. The cost of charging the batteries. 

. The cost of renewals of incandescent lamps. 

. The cost of renewals of battery plates and cells. 
. The cost of repairs generally. 

5. Тһе cost of attendance. 


ы WwW N = 


Some of the above can be obtained with fair accuracy, 
such as the cost of charging the batteries. This again ts 
made up of :— 


a. The cost of the current, and— 
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b. The cost of attendance on the dynamo, engine, and 
batteries while charging. 


The following figures referring to the working of the 
Sussman lamp at some collieries іп the county of Durham, 
for which the writer is indebted to his old pupil, Mr. 
Edward Evans, and Mr. Turquand, who were in charge 
of the lamps at the colliery іп question, will be of interest, 
and are very instructive. 

The figures all relate to a batch of 600 lamps, in use at 
the same colliery, but used in three shifts by three sets of 
men working at different portions of the twenty-four hours. 
The number at the colliery is now, the writer understands, 
1,000. 

The power consumed for charging the боо lamps was 
2 kilowatts, which may be taken as 4 h.p. at the engine. 
The current was furnished from a roo volt supply service 
that was used for lighting the colliery. 

The attendance on the боо lamps, inclusive of repairs, 
charging, &c., was 46 17s. per week. 

The life of the incandescent lamps themselves, the 
bulbs, was 8oo hours, but the writer understands that this 
has been increased to 1,000 hours for lamps of the Edison- 
Swan Company's manufacture; for lamps of a French 
manufacture, the life was соо hours; the cost of the lamps 
being, for Edison-Swan, Is. 14. each, and for the French 
lamps 7d. per lamp. 

The life of the battery was nine months. At another 
colliery in the county of Durham, at which 300 lamps are 
in use, the life of the battery was stated to be six months, 
the life of the lamp bulbs 1,000 hours. 

The breakage of batteries from falls, &c., was from four 
to five per week. 

Putting these figures together, allowing ros. per ton for 
coal used for the boilers, which can hardly be neglected in 
these days, 105. per battery for renewals, and 15. Id. рег 
lamp for bulb renewals, the writer makes out the running 
cost to be 78d. per lamp per week, probably with 
sundries which are not ascertainable, 8d. per lamp рег 
week. It is only fair to mention, however, that the 
attendants could probably have dealt with 1,000 lamps, in 
which case the running cost would have been 6:54. per 
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lamp per week, as compared with 2d. per lamp per week 
with the old oil lamp. 

Mr. Evans has also given the writer the following infor- 
mation on the working of the lamp :— 

The percentage of failures of lamps which were taken 
into the pit was, when he left the colliery, о*25, though at 
first it was as high as 4:25 per cent, the percentage of 
failures of oil lamps under the same conditions being 
1'25 per cent. 

The measured candle-power of the lamp was o'5 c.p., 
which, with the bonnet reflector, produced т c.p. in the 
beam. 

The greatest output from the battery was 6:87 amp. 
hours, and the greatest efficiency 73 per cent., but both 
of these measurements were taken without the vegetable 
absorbent in the cells. Mr. Evans found that the addition 
of this vegetable absorbent, by raising the variation of the 
density of the acid in the cells, tended to soften the plates 
somewhat quickly, with the result that pieces of paste 
chipped off the plates and formed at the bottom of the 
cells, working down through the absorbent, with the well- 
known results, so that by the end of seven to eight months 
the plates began to come, the worst of them, for renewal. 

The iron cases were made, Mr. Evans states, inten- 
tionally as cheap as they could be made, it being recog- 
nised that they would be soon eaten through when acid 
was spilt on them, and it being the intention that they 
should be renewed, when required, at a small cost. 

The two colliery firms who are using the Sussman 
lamps are now making their own storage batteries, and 
making them very fairly too. The writer saw them being 
made at one of the collieries, by ordinary colliery workmen, 
very neatly, and apparently with very good results. This, 
again, would reduce the running costs. 

In the early form of cells which were used when the 
lamp was first introduced into this country considerable 
trouble was caused by leakage between the cells. Тһе two 
cells were formed in one mould, and holes were somewhat 
frequent between the cells, leading to the formation of a 
battery of high resistance between the plates of the two 
cells, the connection being already made by the ordinary | 
cell to cell connection at the top. Hence the negative 


-— 
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plates used to go somewhat frequently. Making the cel 


separate cured this. 


In Mr. Evans's opinion, the Sussman Company sacrificed 
mechanical strength for the electrical efficiency of the plates. 


PRIMARY BATTERY LAMPS. 


As already mentioned, a very large number of inventors 
have attacked the problem from this side, including Mr. 
Coad, who has made several forms of lamps, several French 
inventors, Mr. Maquay, who did a great deal to advance the 
matter, Mr. Schanschief, and the present writer. АП, with 
the single exception of Mr. Schanschief, have used some 


Fic. 3.— The Author's Primary Battery Electric Miner's Lamp. 


form of salt of chromium. In fact, the changes have been 
rung on the salts of chromium, ай infinitum, so much so 
that a mere list would fill a good space. 

So far as the writer is aware, the first really practical 
attempt to solve the problem by means of a primary battery 
was made by Mr. Maquay, on the writer's suggestion, in 
the year 1884. Previously to that the problem had been 
impossible, for practical purposes, because up to that time 
there was not in existence a primary battery of any kind 
that would maintain a constant current for several hours, 
unless it was of very large size and weight in proportion to 
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the work, quite prohibitive for the work of the miner's safety 
lamp ; and even those batteries which were being used to 
furnish constant continuous currents at that time required a 
considerable amount of attention, and had not been tried 
when enclosed in the way the miner’s lamp battery must 
necessarily be. 

In the above-mentioned year, the writer was employed 
by a client to test and report on a primary battery the patents 
of which his client had been asked to purchase. 

The battery tested so well, for that period, and maintained 
its current so uniform, and it moreover appeared to give 
such a comparatively large quantity of electrical energy in 
. what was, at that time, а very small space and weight, that 
the present writer strongly advised both the patentee and 
his client that an attempt should be made to work out an 
electric miner's lamp from it. This was done by Mr. 
Maquay, and the lamp was exhibited by the writer before 
the South Wales Institute of Engineers. It was in rather а 
crude form, but it apparently contained all the elements of 
success. 

The lamp mentioned, Mr. Maquay's first attempt at the 
problem, consisted of three cells in a vulcanite cylinder, the 
cylinder being divided vertically to form the compartments 
for the cells. 

The cells were double fluid, а porous cell being con- 
tained іп each. The elements were zinc апа carbon, the 
zinc being in the form of a hollow cylinder surrounding the 
porous cell, and the carbon in the form of a plate inside the 
porous cell—the whole, carbons, zincs, and porous cells, 
being suspended from the top of the outer cylinder, which 
was also of vulcanite. Тһе incandescent lamp was on the 
side of the outer cylinder, and the arrangement was much 
the same as in secondary battery lamps which were brought 
out at the time. A leather handle, attached to the outer 
cylinder was used for carrying the lamp. The outer cylinder 
was closed by the vulcanite top, a screw, working into a rod 
which passed down through the central division of the 
vulcanite cylinder, serving to keep the whole liquid-proof. 

This lamp never came into practical operation. It was 
merely constructed to show what could be done in the 
matter. 


Subsequently the present writer, with Mr. Maquay's 
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assistance and consent; worked at the problem, and pro- 
duced a lamp, in which two and three cells were employed, 
according to the light required. Тһе cells were of zinc and 
carbon, the carbon being in the form of half cylinders, 
hollow, except at the bottom, which was closed, the semi- 
cylindrical vessel forming the outer containing vessel of the 
cell. Inside the carbon cell was a semi-cylindrical porous 
cell, and inside that again a zinc rod. Two of these cells, 
forming together a complete cylinder, were placed in a 
copper cylinder, fitted with a bayonet-jointed cover and 
a substantial handle of the same material, the incandescent 
lamp being carried іп а projection on one side of the outer 
cylinder, in a mctallic reflector, and protected by an outer 
glass of the bull's-eye pattern. 

The carbon cells were coated with an insulating com- 
pound, as was also the inside of the copper vessel. 

As it was found that mining men wanted a larger light 
than was afforded by the current from two cells of this 
pattern, three cells were arranged inside a copper vessel of 
elliptical section, the other arrangements being the same as 
with two cells. 

The solutions were the same as in Mr. Maquay's own 
lamp, viz. :— 

Іп the zinc cell a very dilute solution of sulphuric acid, 
I of acid to 20 oí water. 

In the carbon cell, a solution consisting of certain pro- 
portions of bichromate of potash and sulphuric acid, with a 
small quantity of nitric acid. 

A rubber pad covered the tops of the cells, maintained 
in its place by the copper top of the outer cylinder. 

This lamp never came into practical use, nor did it ever 
get beyond a very cursory trial. Many difficulties arose. 

The carbon cells refused to remain liquid proof, not- 
withstanding various materials with which they were treated. 
The matter of the connections between the cells, and 
between the cells and the lamp, proved a great stumbling- 
block to the mining men. They could not manage them, 
and the liquid from the cells was constantly spilled into the 
copper vessels and quickly ate holes in them. Added to 
this, the working out of the problem proved to be a very 
expensive matter, while absolutely no encouragement was 
given by the great majority of colliery owners. So the matter 
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was abandoned for the time, though much valuable informa- 
tion was obtained in the process of working the problem 
out as far as it went, such as the quantities of liquid neces- 
sary to maintain a current of a certain strength for a certain 
time, etc. 

Mr. Maquay worked on at the problem for a considerable 
time afterwards, and, the writer understands, produced one 
or two forms of single-fluid lamps, in which carbon and 
zinc were the elements, various combinations of bichromates, 
with sulphuric acid, nitric acid, and other salts being used 
for the solution ; the zinc and the carbon, the writer believes, 
being held suspended from the cover of the outer cylinder, 
which was always of vulcanite, and the closing of which was, 
the writer understands, by means of pitch, or paraffin, or 
some similar substance run in hot. 

Mr. Maquay also devised an arrangement for allowing 
the gases formed in the working of the battery to escape, by 
means of vent-holes, leading into a sort of gas chamber 
above the cells. 

The writer believes that no serious attempt was made to 
introduce either of these lamps to practical work. 

The next important lamp that was introduced was that 
of Mr. Schanschief, in which carbon and zinc were the 
elements, immersed іп a salt of mercury. Тһе battery was 
а single-fluid one, and it had the peculiar feature that the 
current was switched off by inverting the whole apparatus. 
The apparatus consisted of a vulcanite case, rectangular in 
section, with an inner case containing the elements attached 
to the usual block of vulcanite, and it was arranged that 
when the outer case was in one position the elements were 
out of the solution, while when it was inverted the elements 
were immersed. 

The incandescent lamp was carried in a reflector, and 
protected by a bull's-eye on one face of the rectangle. 

Mr. Schanschief also arranged a gas indicator, attached 
to one face of the outer case, consisting of a platinum wire 
inside a cylinder protected by a gauze front, and controlled 
by a switch. When the current was turned on to the 
platinum wire, it glowed very dull red in ап ordinary 
atmosphere, but with more or less brilliancy if an inflammable 
mixture was present. 

In the writer's opinion, the gas indicator was of very 
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little value, as the current taken by the platinum wire was 
too considerable to allow of its being constantly connected 
to the battery ; and to be of service to the collier it should 
have been automatic. 

In addition, it appeared to the writer to surrender a large 
portion of the most important advantage claimed for the 
electric miner's lamp—the absolute severance of the source of 
light from the surrounding atmosphere. 

Mr. Schanschief's lamp was made in three sizes, weigh- 
ing, when fully charged, 31 lbs., 43 lbs., and 5 Ibs. 

The smaller one contained three cells, and measured 
4 inches square by 4 inches high. Each cell contained 15 
fluid ounces of liquid, which, in consuming $ Ib. of zinc in 
48 hours, was stated to furnish a light of nearly 2 c.p. in the 
direction of the beam. 

It was guaranted to give a good light for from 8 to 9 
hours, and the working cost was given at 84. per shift, 
ог 3id. per lamp per week. 

The writer believes that in this estimate nothing was 
allowed for the renewal of lamps, nor for other repairs that 
would be sure to be necessary. Іп addition, the estimate 
was formed on the supposition that the old material taken 
from the battery was returned to the makers, to be used up 
again. Mr. Schanschief gave the price of the liquid new as 
4s. per gallon, while 3s. 7d. was allowed for the old material; 
but it was not stated where the old material was to be 
delivered for that price, and in the early stages, at any rate, 
the cost of collection would have an important bearing on 
the matter. 

Mr. Schanschief’s battery gave a remarkably steady 
current, though it was not tested, the writer believes, for 
any great length of time ; and it is probable that the mer- 
cury salts formed in the working of the battery would 
have attacked the carbon plates, unless they were specially 
protected. 

In the lamp which the writer worked out during recent 
years, and which he hoped to have placed on the market, 
aluminium was very largely employed. Тһе writer's first 
idea was to have simply an aluminium jar, with a vulcanite 
top, the top carrying the zinc, the incandescent lamp and 
any protection that was required ; but his idea was also to 


* The lamp is shown in Fig. 3 (p. 842). 
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have rendered any protection to the lamp unnecessary by 
making the lamp itself, the lamp bulb, of very strong glass, 
strong enough to withstand the ordinary wear and tear 
of a mine. Не is aware that the strong glass would have 
absorbed some of the light rays, but probably less than are 
now absorbed by the protecting glasses of other forms. 

If he had been able to carry out his idea in full, the first 
idea, the writer believes that it would have been difficult to 
find a simpler lamp, and he believes that when manufacturers 
turn their attention seriously to the problem of producing 
incandescent lamps of very low voltage and low candle- 
power, the portable primary battery lamp may still assume 
the simplicity he designed for it. 

He was unable to carry out his design because, in the 
frst place, he was unable to get any incandescent lamp- 
maker even to consider the matter, at any price ; they were 
all too busy with lamps for the 200 and 230 and 250 volt 
circuits, and could not spare the time. 

This matter of the lamp which could be produced drove 
the writer from point to point till he arrived at the present 
form, that in which the lamp of the lowest voltage he could 
obtain is made use of. 

The apparatus, in its final form, consists of two single- 
fluid cells of ebonite, enclosed in an aluminium jar. ` 

The elements are zinc and carbon, the zinc being in the 
form of a rod of sufficient size to last out a shift, just leaving 
the end which holds it in its place, which comes to cast up 
again. The zinc is not amalgamated. The carbon is in the 
form of a hollow cylinder, with a number of holes drilled in 
its length, and with its pores impregnated with sulphur. 

The zinc and carbon are held by the cover of the 
battery, on which is also mounted the lamp, with its 
protecting glass. The protecting glass is surmounted by an 
aluminium plate, which supports the hook by which the 
lamp is carried, as in the Sussman lamp. 

The cover of the battery is of ebonite, and it is held in its 
place by a collar of aluminium, which screws on to a flanged 
ring on the top of the aluminium jar containing the cells. 

The ebonite cover is made in two parts, so as to form a 
bed for the connections, and for the arrangements for hold- 
ing the zincs and carbons. 

One portion of the ebonite top consists of a thick disc, 
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in which circular spaces have been cut, partly through its 
thickness, and in which slots are also made to form bayonet- 
joints for the carbons. 

The carbon cylinders are coppered for a short distance 
from the top, the sulphur being removed for the purpose 
from the end, and to the coppered portion are soldered two 
brass cylinders, one having a flange and pins to form a 
bayonet-joint. The flanged brass ring which is on the 
outside of the carbon cylinder fits in the space prepared for 
it in the ebonite disc, the pins locking it in position after a 
quarter-turn has been given it, in the usual manner. 

The inner brass cyclinder, in the carbon cylinder, has a 
thread screwed on its inner surface, and in this a small 
cylinder of ebonite screws, carrying another brass disc 
having a projection which, when the cover is in its place, is 
inside the carbon cylinder, and to which a brass cylinder is 
attached to the top of the zinc rod screws. 

Slots in the ebonite disc also carry the connecting pieces, 
which consist of flat strips, substantial in section. 

All parts which are exposed to the possible action of the 
acids are given several coats of a special varnish, which is 
put on at a temperature of боо Е. 

Thus the connecting pieces, the brass caps of the carbons 
and of the zincs, except where actual connection is to be 
made, are all protected in this manner, as well as the inside 
and outside of the aluminium Jar. 

When the carbon cylinders are in their places, a thinner 
ebonite disc, having circular apertures for the passage of 
the carbon cylinders, is slipped on, and a special cement 
having been run into all the cavities, the two ebonite discs 
are brought together under pressure. 

On the upper side of the ebonite disc is placed the lamp 

holder, which is also of aluminium, the protecting glass, 
which is also protected by three aluminium wires, and 
which are screwed into the aluminium flanged annular 
ring which closes the cells, and into the aluminium plate 
which 15 placed оп the top of the protecting glass, and to 
which the hook is attached. 
Тһе built-up cover, with its zinc and carbon elements, is 
simply dropped into the cells, the annular aluminium ring is 
slipped over them and screwed down, and the glass and top 
plate put on, the whole presenting the appearance shown. 
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The incandescent lamp can be changed by removing the 
top aluminium plate. Тһе solution consists of a mixture of 
chromic acid and hydrochloric acid, with a small quantity 
of sulphate of soda, and each cell gives rather over two volts, 
and will maintain it, with the proper quantity of the com- 
ponents, for eight hours without appreciable fall, and will 
continue to give a gradually falling current for another four 
hours, or longer if a larger proportion of chromic acid be 
put in the solution. 

Gases are given off during the working of the battery, 
but, provided the cover is properly made, and the flanged 
rng properly screwed down, no harm results beyond a 
slight rise in temperature, the gases being dissolved in the 
solution. 

The aluminium also does not appear to suffer from the 
acid which is spilled when the lamp is recharged, a sort of 
skin appearing to form which protects the metal from 
further action. 

As will be understood, there were a great many difficul- 
ties met with during the process of working this lamp out, 
which occupied five years altogether ; the author's son, Mr. 
C. J. Walker, superintending the manual part of the work. 

Only the purest carbons, of French manufacture, would 
answer the purpose, and it was found necessary to impreg- 
nate them with sulphur, just as the tops of carbons of | 
Leclanche cells are impregnated with paraffin to protect 
them from attack by the chromic acid. In this the writer 
was assisted by Mr. R. W. Atkinson, an able analytical 
chemist of Cardiff, whom he consulted in this and other 
matters which arose during the working out. 

Difficulties were experienced with the chromic acid, 
which at first was never of the same analysis, in two 
successive lots, and in portions of the same barrel, with the 
glass for the protection of the lamp, with the working of the 
aluminium, and other matters; but all of them had been 
fairly well surmounted when the matter had to be aban- 
doned for the reasons given, though not. until it had been 
tried in several mines, and had been in the hands of practical 
colliers, who had done their ordinary day’s work with it, to 
their great satisfaction. 

The lamp weighed 34 Ibs. when fully charged, and gave 
a light of one candle-power for eight hours, with a gradually 
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falling light for another four hours, the light at the end of 
the twelve hours being about from one-third to one-half of 
a candle. 

The working cost, the writer made out would be, at 
first, three-halfpence per lamp per shift, or say ninepence 
per week. This cost, however, was based upon the assump- 
tion that the materials would be all used, the unused residue 
being thrown away. Ав the whole of the materials were by 
no means used up, it follows that if the residue could be 
collected and worked up again, the cost would be very much 
less; and on this basis, which is perfectly practicable, by 
proper organisation, where a large number of lamps are 
employed, the writer made out that the cost would have 
come down immediately to one halfpenny per lamp per 
shift, with every probability of a further fall, which, con- 
sidering the advantage to be gained by the use of a portable 
electric lamp in collieries, he felt sure would command 
universal acceptance, though it was higher than the cost of 
the present lamps. 

In fact, the writer has been told by many eminent mining 
engineers that even the full price of three-halfpence per lamp 
per shift would not have been prohibitive, provided the lamp 
was absolutely safe and thoroughly practical. 

The working cost of the primary battery lamp is made 
up of the following :— 


I. The cost of the solution, less the value of the residue, 
if it is possible to recover and to utilise it ; but the 
value must be taken after all charges for collection 
and recovery have been met. 

2. The cost of the zinc or other metal employed, less 
again the value of the ends, after all charges have 
been met. 

3. The cost of carbons and repairs to the battery 
generally. 

4. The cost of the incandescent lamps, which would be 
the same, or nearly so, as for the secondary battery 
lamp. 

s. The cost of attendance, which would include the 
mixing the solution where it was mixed at the 
colliery, the cleaning the battery, getting rid of 
the residue or arranging for its being sent to the 
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makers, recharging the battery, and other inci- 
dentals. 


As no extended trial was made of the lamp it is not 
possible to make more than an estimate of the probable 
cost of all these, as the writer has done, the total figure 
being that given above ; but it may be mentioned that plans 
had been worked out for charging the batteries quickly, the 
arrangements for the purpose being very similar to those in 
use at most collieries at present for filling the oil lamps, and 
for emptying them when they come out of the pit, with 
such modifications as would be necessary on account of the 
use of thestrong acids employed, and also with the addition 
of special arrangements for facilitating the emptying and 
filling of the batteries that have been used, in somewhat 
similar conditions in other industries. 

The writer was making arrangements to try a number of 
lamps for an extended period at a colliery in South Wales, 
when he was obliged to give the matter up. 

He had not attacked the problem of indicating the pre- 
sence of gas, but it was his intention to do so, and in the 
same manner as he had attacked the battery problem, viz., 
Бу an exhaustive series of experiments with every known 
substance that there was the smallest likelihood of achieving 
success with. His idea was that what was wanted was some- 
thing attached to the lamp, not necessarily worked by the 
current or in any way depending on the current for its exist- 
ence, that would change colour in the presence of gas, and, if 
practicable, give a different colour for the different gases 
met with in collieries. He believes that it is perfectly prac- 
ticable, but, like other things, it will cost money to work out. 
Meanwhile he had made some notes that may be useful if 
the problem is ever attacked by any one with sufficient per- 
severance, and sufficient money, to command success. 

Another form of primary battery lamp which has been 
brought to the writer's notice since the above was written, 
which is based upon completely new ideas, will probably 
be of interest to the Institution. Many members will have 
heard of it, the late Dr. Hopkinson having reported very 
favourably of the battery for another purpose. It is called 
the Doe battery, and comes from America, and is a single 
fluid battery. In the electric miner's lamp which has been 
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constructed with this battery four cells are employed. Тһе 
four cells form the four equal sectors of a cylinder of 
ebonite, which is divided into compartments by two 
diametrical divisions at right angles to each other. Тһе 
divisions do not come up to the top of the cells. "This 18 
one of the peculiarities of the battery. In each cell is a 
grooved and perforated carbon cylinder, and inside the 
carbon cylinder is a cylinder of ebonite also hollow, and 
also perforated, the object of the perforations being in each 
case to secure the flow of the exciting liquid. Running 
down between the vulcanite cylinder and the carbon 
cylinder is a platinum wire enclosed in a vulcanised rubber 
tube. One end of the platinum wire forms a lacing, a sort of 
cat's cradle across the bottom of the vulcanite tube, and the 
other is pegged into the carbon of the next cell, a carbon 
peg being used, a hole having been drilled in the top of the 
carbon for the purpose. Into the vulcanite cylinder is 
dropped a hollow cylinder of zinc, after the cell has been 
charged with the exciting liquid, which consists of sulphuric 
and other acids, and other chemicals which are kept secret, 
the inventor stating that not only are certain. components 
necessary, but they must be mixed in a particular manner. 
As will be seen, though the arrangement is a complete 
inversion, when the zincs are in their cells, they complete 
the circuit, by the fact of their immersion and by the fact 
of their contact with the platinum wire, which is again 
in connection with the next cell. : 

The weight of the lamp, one of which is shown, is 
stated to be only 2 Ibs. when fully charged. Тһе zincs are 
amalgamated. 

The liquid is sold by the owners of the patent at 2s. per 
gallon, and the zincs, ready for use, at 2s. per lb. One 
gallon of liquid is stated to last for 14 charges, and one 
pound of the zincs for the same time, in the miner's lamp 
made with this battery. This would give rs. 8d. as the 
running cost of the battery without allowing anything for 
attendance, lamps, repairs, &c. Тһе first cost of the battery 
is also high, owing to the necessity for using platinum in 
the manner described. On the other hand, the marked 
simplicity of the battery speaks very loudly in its favour, and 
the writer is of opinion that further investigation would 
probably enable the inventors to reduce both working and 
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running cost. He is informed that they have hardly touched 
the problem of a miner's lamp seriously yet. 


CONDITIONS NECESSARY FOR AN EXPLOSION IN COLLIERY. 


In conclusion, it may be of advantage if the conditions 
of explosion are considered. 

Mining men are terribly afraid of anything electric 
where they may possibly have gas at any time, and they 
are under the impression that anything which will give a spark 
will also fire the gaseous mixture that may be present. The 
writer has heard it alluded to as a good joke, that any one 
could doubt for an instant that a spark, being at a high 
temperature, could and would fire gas if present. Yet it by 
no means follows that a spark would fire gas. 

On the other hand, the writer has been told by other 
mining engineers that it is somewhat laughable to make such 
a trouble about sparking, when the strata itself, in falling, in 
the ordinary process of coal-getting—not the coal, but other 
strata such as sandstone which sometimes overlies the coal 
gives rise to huge sparks. One mining engineer told the 
writer that he had seen the face of the coal, when the roof 
was coming down, а mass of flame. 

Again, the gas which 1$ found in coal-mines is not the 
same as our domestic illuminating gas. Its chemical 
symbols are CH,, while those of the domestic illuminating 
gas аге С.Н, which means that it does not ignite so readily 
as the heavier carburetted hydrogen. Тһе larger propor- 
tion of carbon in the domestic illuminating gas apparently 
makes it ignite more readily, as can be easily proved. 

Again, in order that an explosion may occur, assuming 
that a spark which will ignite gas is formed, there must be 
the conjunction of conditions—the mixture of gas and air 
within the proportions named, and the spark passing at the 
same instant: a very unlikely thing with such a spark as 
could be formed from any miner's portable lamp, because in 
all modern collieries the whole of the working face of the 
coal, the place where the gas will be liberated if at all, is 
swept by a powerful current of air, which quickly dilutes it 
below the inflammable mixture. 

After all that, however, there is the other very important 
fact that the spark to be obtained from the two-cell battery, 
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weighing from three to four pounds, is incapable of igniting 
an inflammable gaseous mixture. 

It should be explained that the idea that temperature 
alone is necessary for the ignition of an inflammable gas is 
incorrect, as a little consideration will show. 

In the coal-mine, as everywhere else where men live and 
breathe, the gases of which the atmosphere is composed are 
in constant motion, apart from the motion which we know 
as heat, whether the motion takes place in the molecules, or 
in the ether in which.they are suspended. Тһе molecules 
of the gas are in motion from various causes, one being the 
pressure of the ventilating current, others being the various 
convection currents that are set up, and so on. Hence, 
when heat is delivered to any portion of the molecules, to 
any group of molecules, if it may be put in that wav, the 
heat so delivered is distributed to the molecules around, and 
is dissipated very quickly ; so that, unless a certain quantity 
із delivered, the temperature of the gases in the neighbour- 
hood of the spark 15 hardly raised at all, as the heat has been 
distributed over such a large area. 

Again, in order that ignition and. subsequent. explosion 
shall take place, it is necessary that sufficient heat shall be 
delivered to a certain group of molecules to enable them to 
divide into their elementary components. 

If we consider the process of 1gnition and explosion, we 
find that we have first a mixture of atmospheric air, consist- 
ing of oxygen and nitrogen gases with a certain quantity of 
a carburetted hydrogen gas, and that when ignition takes 
place the components of the carburetted hydrogen gas 
become disassociated, and each individually combines with 
its equivalent of oxygen gas, forming either carbonic oxide 
or carbonic acid gas, or both and water. The net result of 
the operation is the liberation of a large quantity of heat, 
which, if other conditions are favourable, extends the de- 
composition and the recomposition, with the result that a 
further quantity of heat is liberated, and it is this heat 
liberated by the combination of the carbon and the hydro- 
gen with the oxygen which, by causing the resultant gases 
to expand very rapidly, gives us what we know as an ex- 
plosion. That is to say, we have at one instant three 
gases, mechanically mixed together, occupying a certain 
space, and perfectly harmless as long as they are content 
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to occupy that space. The next instant we have two ог 
more other gases which, under the influence of the heat 
liberated, seek instantly to occupy a space many times as 
large; and when the space is limited, destruction. results. 
Now all this is due to the liberation of heat; but first 
of all it is necessary that heat shall be delivered {о the 
gases, in order that they may be able to split them- 
selves up into their components, and sufficient heat must 
be delivered to the gases to raise the molecules which 
commence the operation to the temperature at which they 
become divided. 

Hence it will be seen that it is not a spark per se which is 
able to 1gnite an inflammable mixture of gas and air, but à 
spark, or any other source of heat which is able to deliver 
heat to the gases at a certain rate, and to deliver a certain 
minimum quantity of heat. 

From the writer's experiments, which have been. borne 
out practically by those of other experimenters, the rate of 
delivery of heat that will ignite а mixture of ordinary 
illuminating gas and air is 20 watts. This he finds is the 
minimum rate, and as pit gas 1s less sensitive to ignition, it 
follows that the rate for its ignition would be higher. 

The quantity of heat to be delivered to the gases depends 
upon the circumstances. 

Now the two-cell electric miner's lamp, either primary or 
secondary, cannot deliver energy at the rate demanded, nor 
can it deliver the total quantity required, and it must there- 
fore be absolutely safe as far as causing an explosion is 
concerned. 

It is right to mention that in some experiments made 
in Germany, а four-volt lamp was actually made to ignite a 
gaseous mixture, but it was under conditions that could 
never occur in practice. The filament was laid bare, and 
allowed to burn naked, in an atmosphere of gas and air, 
and we have not been told what pressure was behind the 
current, which would make a considerable difference. 

It is also, perhaps, as well to note that experimenters, 
Mr. Mordey among them, have ignited an inflammable 

gaseous mixture with а low-voltage battery when an electro- 
magnet was included in the circuit ; on breaking which a 
spark passed. Іп these cases the spark was delivering 
energy at the required rate, and in the required quantity, 
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though the voltage was low, because it was possessed of a 
store of energy in the electro-magnet, the stored energy 
being delivered when the spark passed. 

It may also be useful to mention, in connection with 
portable batteries for collieries generally, the fact that in a 
few collieries in the North of England hand lamps in various 
forms, deriving their current from two or more dry cells, are 
being used as occasional lamps by deputies, overmen, and 
others. Тһе batteries are expensive, considered as the source 
of current, as against the cost of either the oil lamp or even 
the most expensive of the primary or secondary battery lamps, 
but the convenience is so great that the expense in this case 
does not count. The lamps are used for a short time on 
one or two days in the week, principally on Sundays, and 
appear to stand well. Ав is well known, the dry cell has 
been enormously improved during recent years. 

In conclusion, I wish to record my thanks to Mr. 
Harrison. Bulman for his kindness in lending the photo- 
graphs from which were prepared the lantern slides used 
in illustration of the paper. 


The PRESIDENT : The two papers will be discussed together, and I 
will first call upon our old friend Mr. Kapp, who is here from Berlin. 

Mr. Сіввевт КАРР : I think we ought to be much obliged to Mr. 
Ravenshaw for having read such a very practical paper, and especi- 
ally have we to thank him for having given us a list of failures. I was 
astonished to find the list so short. Ido not know whether he has 
withheld a good many other failures, but І suppose not. When you 
consider that the whole list of failures which have come under his 
notice—and he is an expert in this matter—occupies less than three 
pages of the paper, I think we can congratulate ourselves that electricity 
in mining is a very safe agent for working. I should like to mention a 
few details, not in order to criticise, but to elicit further information. 

I notice, under the heading “ Switch Gear for Motors," that the author 
advocates the putting in parallel with the shunt coil a non-inductive 
resistance of twice the resistance of the fields. Of course, this is a very 
old device to kill a spark at breaking an exciting circuit. But 1t is 
expensive. If the resistance is twice the field resistance, you will spend 
50 per cent. more of your power in excitation. And although the coal 
is on the spot, I do not think colliery managers will agree that a part 
should be wasted instead of sold. I would ask Mr. Ravenshaw why a 
well-known device is not used for breaking the shunt circuit in a motor 
which is used for lifts and for other purposes where a motor has to 
be switched on and off frequently. What I refer to is simply the shunt 
being connected across the ends of the starting resistance, and if you 
break at that juncture you have the armature as a by-pass to the dis- 
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charge of the shunt current. Perhaps the author will say more about 
that in hisreply. Another device which can be used, and which has 
recently been invented, is very useful for motors. It consists in a 
variable resistance, not in liquid, but in powder form. The resistance 
consists of a graphite powder, and an electrode dips more or less into 
the graphite, thus altering the resistance. On switching off, the 
current is gradually diminished, and you can switch off absolutely 
without spark. | 

Another detail to which I would call your attention is the safety 
device, which the author seeks in his drum armature. Не says justly 
that in a smooth core drum armature the full potential difference exists 
betwcen adjacent wires. We knew in the old days the trouble that we 
had with drum armatures where the wires were side by-side. If a 
fault occurs a burn-out takes place at once, and the whole machine is 
crippled ; whereas, in a Gramme machine only one coil is crippled. 
But I think this argument is not a very serious one, and it applies, at 
any rate, only to smooth-core armatures. If you have an armature with 
grooves, you naturally put the wires of even numbers at the bottom, 
and those of odd numbers at the top. "Therefore this tendency to a 
break-down vanishes. Again, armatures with teeth are much to be 
preferred when you have to deal with rough work like motors for 
mines ; and therefore I do not think we shall be able to utilise this 
safety device. It is better to prevent the breaking down, and that can 
be done by insulating properly. Тһе author says an armature was 
insulated with paper. I do not know whether he means by that that 
the wires were wrapped round with paper, or that the smooth core has 
been insulated with paper. Neither is admissible. Тһе core ought to 
be insulated with mica cloth, and the wires ought to be double cotton- 
covered and braided. 

I should like to ask Mr. Ravenshaw whether he has purposely 
omitted to mention two-phase or three-phase currents in his paper ? 
He says he has not had any experience himself with them; but I 
would like to ask him if three-phase currents are used for mines? It 
seems to me that if they were, a good many of the difficulties which he 
has pointed out in working would vanish. One of the difficulties not 
only in mines, but in any places where there is much carbon or other 
dust, is a choking up of the air passages. I know of one place where 
the armature always broke down. It was beautifully ventilated, but 
the coal-dust came and filled up the holes and choked up the armature, 
and caused it to break down. Another difficulty arises in cases in 
which there is a commutator, and coal-dust is present: there is 
gencrally some corner where the dust can accumulate. These are 
difficulties which I maintain you сап obviate by using polyphase 
motors. It is perfectly possible to make a polyphase motor which 
will stand any amount of rough usage. About six years ago some 
of these motors, each of 60 H.P., were installed in a large drainage 
scheme. Оп account of the nature of the ground it was impossible 
to put down separate steam engines, and it was found cheaper to put 
down a generating station and distribute the drainage pumps, which 
were electrically driven, along a dyke, at about twelve miles from the 
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generating station. That was in a place which had previously been 
under water for half the year, and which was therefore very damp. 
One motor, before it was erected, rolled down into the ditch and got a 
soaking for two or three days. That motor broke down. The other 
motors which were left out in the rain got wet, but they did not break 
down on being started. The motors, although under roof, are ех- 
posed to heavy sea fogs, but they are working to this day, and there 
has not been a single hitch. I contend that the fog, with salt in it, 
coming from the sea, is far more dangerous than coal-dust. Yet it is 
possible to find motors which will stand it—and those that I am 
speaking of were 5,000-volt motors. Therefore I think the spoiling of 
the insulation by coal-dust would be, obviated if you were to use three- 
or two-phase motors where you have no exposed parts. You need 
not have slip-rings on the armatures, because the efficiency is not much 
less И you work them without. You have absolutely no exposed metal 
part in those motors, and I do not see how уоп could spoil the insula- 
tion if you were even to throw a sack of coal on to them. I will put it 
in this мау: there is no more disadvantage in using three-phase than 
other kinds of machinery for certain kinds of work. For instance, here 
we have mentioned pumping and coal-cutting. About coal-cutting I 
cannot say much, as my experience is very limited ; but for pumping, 
a three-phase motor is verv suitable, especially now that we have piston 
pumps to go at fairly high speed. If these power schemes come into 
being I hope the frequency adopted will be 25. This is a very con- 
venient frequency if you want to use converters for tramway work, 
as well as for motor work generally. You will then be able to put a 
two- or three-phase motor straight on to the shaft of the pump, and 
that will be a very simple arrangement. You can have them direct- 
coupled, and the little extra loss which occurs by reason of having a 
squirrel-cage instead of a wound rotor and slip-rings will be counter- 
balanced by the absence of gearing. But there ts one particular kind 


of work in mines which is very heavy, where you cannot use alternating 


currents, and that is for hoisting. In the Rhineland that is a very 
important part of electric mining engineering. Recently some im- 
provements have been made in the shape of a combination of a 
secondary battery with the motors. I have the figures of one installa- 
tion which J have had to go through lately. It is a mine 700 vards 
deep, and the speed works out roughly at 60 feet a second, so that the 
whole time for hoisting is about 40 seconds. The plan is to use a balance 
system with tail ropes hanging from the two cages, so that the system 
may be balanced іп any position. If you do not have a tail rope, the 
tendency will be that as soon as one cage gets a little lower than the 
other it will run to the bottom. Previously a pulley was fixed below, 
in the bight of the balancing rope, but now one simply lets the rope 
go through a timber grating, with renewable pieces where the горе 
cuts the timber. If you hoist in the ordinary way, a generator of 
1,600 kilowatts and motor of 1,500 will be required. By using two 
motors under the same sort of control as for a tramway in combination 
with a buffer, a battery of 1,000 kilowatts and a gencrator of goo 
kilowatts, the same work can be done as with a motor of 1,500 kilo- 
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watts. There is a great saving. The cables can be smaller, and the 
generator is loaded very evenly all through. 

Mr. A. P. TROTTER : On first receiving this paper it was a great 
disappointment to me to find how very short it was. But on looking 
it through, I think you will agree with me that we seldom find a paper 
so solidly packed with facts, and facts culled from actual experience, 
such as not many experts give away ; for the conditions of this kind of 
work are such as it is practically impossible for an outsider to predict, 
and only one who has seen the difficulties which might be met with 
can realise what they really are. Coal-mining work is at present in the 
(in some respects) happy position of having but very few regulations 
attached to it. But perhaps regulations will shortly be made in this 
industry Бу somebody, and in making them experience of the character 
given by the author will be of importance. For instance, I believe 
some little trouble has been anticipated from sparking motors in mincs, 
particularly in gassy mines. So long ago as Feb,, 189r, in the paper 
read by the brothers Atkinson at the Institution of Civil Engineers, 
Vol. civ., the: question of electrical machinery in mines was carcfully 
gone into. But so little has been heard about coal-mine working that 
it does not appear to be recognised by people who have motors to sell, 
particularly motors which have been used in countries where the scams 
are soft instead of being of rock, as in England, апа where perhaps 
there is по fire-damp, that such motors are not fit for use in fiery mines. 
It scems to be forgotten that as long ago as 1887 coal-cutting motors 
were made absolutely gas-tight, and therefore, externally sparkless. 
Mr. Карр has suggested that a three-phase machine could be enclosed 
and put into the most fiery gas mixture that you can have, but the 
motors I speak of were actually so run by the Messrs. Atkinson. Of 
course they have the disadvantages of a closed motor, which warms up, 
and thercfore has to be made bigger. But even when that paper of 
the Messrs. Atkinson was read some extraordinary suggestions were 
made to avoid explosion of gas. Most scientific suggestions were 
thrown out, and I think somebody suggested.the forcing in of carbonic 
acid gas into the enclosed motors in order to neutralise any tendency 
to explosion. These motors, for coal-cutting and other purposes, were 
made by {һе now almost forgotten firm of Goolden & Trotter, and they 
were designed by Mr. Ravenshaw. 

Professor C. LE NEVE Foster: Аз one of His Majesty's Inspectors 
of Mines, I have been impressed with Mr. Ravenshaw's paper. I should 
say a word, I think, on behalf of the mincr, in correction of one sen- 
tence. Mr. Ravenshaw very properly says that the cables going down 
a mine-shaft ought to be protected, but I think he goes a little too far 
when he says that corves and other trifles are in the habit of falling 
down shafts. At all events, i£ they do—and certainly these accidents 
do occur sometimes—they are not frequent, and, judging by the results 
as far as the injuries to persons employed are concerned, they 
must be very infrequent indeed. Then in the casc of haulage, Mr. 
Ravenshaw says: “Тһе author cannot quote a single instance in 
which electric locomotives have been employed in coal-mines ;” but 
surely those who have been on the Continent or in America, or in 
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Prof. Foster. Vancouver, will say that they have seen electric locomotives in use. 
Possibly Mr. Ravenshaw means that he has not seen at work electric 
locomotives worked from an accumulator. But even that kind of 
thing may be seen. Accumulators carried іп a tender and the motor 
in an enclosed case may be seen in the north of France, and access of 
fiery atmosphere into the case carrying the motor is prevented, not by 
compressed carbonic acid gas, as mentioned by Mr. Trotter, but by 
compressed air. This is constantly flowing out of the case, and so 
preventing the entry of any inflammable gas. 

Now, turning to Mr. Walker's paper, he has insisted very strongly 
upon the difficulty that the collier has in carrying a heavier lamp than 
the one now given to him. Тһе collier is perfectly right ; һе has much 
muscular work to do, and he naturally does not like to expend energy 
in carrying more weight than is necessary. But surely, on the other 
hand, the collier can be relieved from much of his toil. Are we not 
foolish people, at the beginning of this enlightened century, to put a 
man to work in the constrained position, which has sometimes to be 
adopted, and expect him to work there, expending muscular power 
for many hours, simply cutting a groove into soft material? If vou 
go to the shipyards, you will find men caulking, chipping, and doing 
riveting work with pneumatic hammers. Surely when all the work 
which has to be done is to cut a groove in a soft rock, in places where 
comparatively cumbersome coal-cutting machines cannot Бе con- 
veniently employed, the work might be done by a pneumatic chisel, 
and the implement could be used іп any position required. If that 
werc done in coal-mines, very much muscular labour would be saved, 
and the men would simply have to hold the tool to do the work ; and 
then the miner would not mind carrying another pound weight in 
his lamp. With regard to these lamps, Mr. Walker has stated that a 
very limited number of the Sussman lamps are used in this country. 
Of course that depends upon what Mr. Walker means by a “ limited 
number." I was told last year that 2,000 were used in this country, 
2,500 in Belgium, and 200 in Australia. So I think the lamp may be 
spoken of as fairly extensively used, though it is true that the propor- 
tion which 2,000 bears to the total number of safety lamps in the king- 
dom is not great. On page 820 of Mr. Walker's paper he states that 
two gases are present in old workings, carbonic acid gas (СО,) and 
carbonic oxide (CO). I fancy he will not find the carbonic oxide given 
off in old workings naturally. He would, of course, find it in mines 
after explosions or after a fire; but I will ask my colleague, Mr. 
Atkinson, to confirm me on this point. I think Mr. Walker will find 
that carbonic oxide is not given off in old workings. 

Then with regard to locking the lamp, he says the most successful 
method of locking the lamp is to call in the aid of electricity. Is not 
that going a little too far? Is not the common lead rivet a successful 
means of locking the lamp? Мг. Walker is perfectly right with regard 
to the value of the electrical lamp for examining the roof. It is a lamp 
where you can hold the light close to the roof, or hold it sideways, and 
work well with it; whereas with the ordinary lamp you cannot hold 
the light in that position. Certainly you can make a better examination 
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of the roof with the aid of the electric light than with the ordinary 
lamp. I can believe, with Mr. Walker, that a good lamp. will be the 
means of preventing some of the accidents from falls. Mr. Walker 
said further, on page 823, that each non-fatal accident to men in the 
mine costs the colliery manager £60 and upwards. Surely that esti- 
mate is a little high for non-fatal accidents. I have not seen in use, 
nor indeed have I ever seen before, the ingenious appliance for the 
detection of gases. But, before speaking about that, one would like 
to examine the contrivance, to see it in actual operation, and to test it 
underground. Of course it has the objection that it will only, as I 
understand Mr. Walker, reveal the presence of fire-damp, апа not the 
presence of carbonic acid gas. 

I have to thank you for listening to a non-electrician, of a class 
which I hope is rapidly dying out—that is to say, a mining engineer 
without electrical training. But I hope in the future that every mining 
engineer, no matter whether he is engaged in mining coal, ore, or stone, 
will receive training in electrical engineering. : 

Mr. W. M. ATKINSON: If Dr. Foster has found occasion to apolo- 
gise for his lack of electrical knowledge, I am quite sure I must do 
so ten times more, because my electrical knowledge is of the most 
superficial kind, and any remarks that I may be allowed to make here 
will be from the mining point of view. There is one question in 
reference to Mr. Ravenshaw's paper upon which I would like to say a 
few words, and that is as to the danger of explosions from sparking. 
I think up to the present time the great majority of motors under- 
ground have either been in pits, where there is practically no danger 
from fire-damp, or in those parts of fiery pits where the gas would not 
be likely to reach them. Тһеу are now being introduced for coal- 
cutting, and if they are used in fiery mines for this purpose, the 
question is a serious опе. The only plan I have seen adopted of 
getting over the danger of sparking is by enclosing the armature and 
commutator in a solid metal case, and from the instance I have in 
mind I am quite satisfied it is practicable to do that. But it would be 
a great advantage if, when the machine is designed, that question were 
more particularly borne in view than in this case. The openings 
which have to be closed should be so designed that they are of the 
simplest possible character, with plenty of surface for the material, 
which is put between the two plates of iron—plenty of bearing service ; 
and it should be specially designed with the view to the closing in of 
the sparking parts. 

With reference to Mr. Sydney Walker's paper, my impression is 
that the chief reason why electric lamps have not been more largely 
introduced than they have been is their liability to get out of order. 
In every other respect I think an electric lamp is superior to the 
ordinary safety lamp, except in the matter of weight. I personally 
do not attach as much importance to weight as many others do, 
provided a better light is yielded. I agree with Mr. Walker that the 
electric lamp is safer than the ordinary electric lamp, because after all, 
even if an electric lamp would fire gas when it was broken, so also 
would an ordinary safety lamp. As to the gas detector, no doubt the 
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absence of such a device is a drawback in the electric lamp, and 
mining engineers will be very glad to see that difficulty got over. 
But I do not think that is such a serious question as to prevent the 
very much larger use of the lamps if one were brought forward which 
would stand the more or less rough usage that these lamps receive in 
mines, because а proportion of ordinary safety lamps could be used 
for the detection ot fire-damp. 

Mr. Walker refers to а mercury switch in one lamp. I do not like 
that idea because of an experience which I have һай with it mvself. 
The lamp is liable to be extinguished by a jerk, and if that happens at 
a critical time it might put the user in danger. I have myself been 
put into danger by my lamp jerking out when a set of tubs was 
coming on down a plane, and when I was trving to get out of the 
way of them. I think a switch which is not moved too easily 15 
desirable. 

With reference to carbonic oxide in mines, my experience is that gas 
is never found in a mine unless it is cither the product of explosion or 
combustion—it may not be actual combustion, but it may be what I 
тау call incipient combustion. It is never a natural product of the 
mine under normal circumstances. It is due to some chemical action 
of an unusual character, as far as coal-mines are concerned at anv 
rate. 

Mr. С. А. MITCHESON: I am а mining engineer with а limited 
knowledge of the technical details of electricity, but I have been much 
interested іп Mr. Ravenshaw's paper, and should like to say a few 
words on the subject. With reference to cables in shafts, I should 
be glad if Mr. Ravenshaw would tell us how he proposes to hang and 
to protect them. I agree with Professor Foster that we do not hear 
of corves, or pit tubs, tumbling down shafts every day, but pieces of 
coal do occasionally fall down, and although it may of course be 
argued that coal, being of a friable nature, would break up in course of 
its descent Бу striking the sides of the shaft, still there is alwavs 
more or less risk of injury to an exposed cable. The cable тау, of 
course, be protected by placing it within an iron pipe ; but in that case 
there is the difficulty of getting it into the pipe, if the cable be a large 
one, although the cable may obviously be divided into sections. In 
this case, if any accident were to happen, necessitating the removal of 
a section, such removal of a section and the substitution of a new one 
might cause considerable trouble. There is, however, another difficulty 
in connection with this problem. It seems to me that the amount of 
moisture which is always to be found, even in a so-called dry shaft, 
will attack the insulation of the cable at the point at which it is held 
by the wooden glands unless, of course, adequate protection is pro- 
vided. I should like to hear what Mr. Ravenshaw has to say about 
that. 

With regard to the risk of explosion from sparking in the minc, 
personally I do not look upon that as very serious, so far as the coal 
cutting is concerncd. Your motor must be ina gas-tight jacket, because 
of the conditions under which it works. You must remember that it is 
working in the midst of dust, from which it must be protected. Per- 
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sonally, Г think there is more risk from fire than from explosion, 
because the cables are carried along dry, and fairly warm, roads ; as 
they are fixed to timber, you have all the risks in connection with falls 
to take into account, and where an arc is formed a fire may very readily 
be produced in one of these dry-timbered roads with most disastrous 
effects. 

With regard to the question of switches, I think they want protecting 
as much as the motor. There is one view which I take as to the 
application of electric power and electric lighting in mines, and that 
is that we as mining engineers have to make up our minds to keep the 
mines safe. For instance, there is the difficultv about the lamps stand- 
ing rough usage. Itis not very long since miners worked with candles, 
and it was a great deal of trouble to get a miner to usea Davy lamp. 
Then the glass lamps came in, and it was thought they could not be 
used because of the risk of breakages; but now the glass lamp is all 
but universal. I have no doubt that, if the miner gives his attention to 
it, he will be able to take more care of the electric lamp than he has 
taken of the oil lamp. Аз far as he is concerned, he does not think 
much of the extra weight of the Sussman lamp. I have a few of them 
at work, and as a rule the man does not care for these new things. It is 
the unanimous opinion of the men that the Sussman lamp is of great 
advantage to them, and they are strongly in favour of it. Undoubtedly 
it gives a better light, and in the places where my men use it they 
would have to take two ordinary oil lamps. One electric lamp certainly 
brings as much benefit as the two oil lamps. 

I do not agree with Mr. Walker with regard to his figure of the 
weekly cost of up-keep of the lamps. It is true I have only a few of 
the lamps at work, and they have not been in use very long; but up 
to the present they have cost much less than Mr. Walker's estimate. 

Personally, I do not think very much about the detector; I have not 
had much experience with it, but I have certainly tried it. Sometimes 
it will work ; at other times it will not. I think if we can get the electric 
light we can afford to keep an oil lamp in the place in the hands of a 
responsible person for the purpose of testing the miues. 

Мг. К. HOLipay : Lama sort of rough-and-ready clectrical engineer, 
who has laid out a 1,000 horse-power plant comprising 60 motors, and 
am very glad of the invitation to come here. Аз to the shaft cables, 
that is one of the great difficulties which have been met with in putting 
electricity into mines. Cables have been put in in boxes filled up with 
bitumen and substances of that sort ; also lead-covered cables are used ; 
and after a time, owing to the very corrosive waters which are met with, 
the lead has been eaten away. Where the cables have been in boxes all 
the way down and have given way, the whole of the cables have had 
to be ripped out in order to find out where the fault was. So in putting 
cables down—and we have 25 cables down our shafts—we suspend 
them from the top to the bottom without any intermediate support 
whatever. I designed a rough-and-ready insulator which would carry 
two tons, which has a clam, just as onc would suspend wire ropes for 
cage guides from the top of the shaft. This clam is insulated in a 
simple way, but it docs its duty satisfactorily. The cable hangs clear from 
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the surface, and it does not touch the walls; therefore, instead of 
buying an expensive armoured insulated cable, we have a triple-braided 
cable (though a bare cable would do) Іп this wav, if the man 
examining the shaft touches it, it saves him from getting a shock. 
It is true that water streams on to the cables in some places, but as 
the current cannot get to earth there is no fear of leakage ; and I may 
say that we test our cables every week, on Sunday evenings, with the 
megohmmoeter, and a record is kept of these tests. So far from the 
shaft cables being the chief trouble, we have never had a break- 
down in them. "The method I have spoken of is very much cheaper 
in first cost, and also in upkeep ; and there is the great advantage 
that the cables сап be examined constantly. As to corves falling 
down, that, unfortunately, has happened once in one of our shafts, and 
it was found that the cables had been scraped all the way down ; but 
they did not suffer either in the matter of insulation or mechanically. 
If the cable is hung clear of the shaft-sides from the top to the bottom, 
there is nothing for an obstacle to catch against in falling from the top. 
The one weak part about this system is the place where the cable 
turns in to the porch at the bottom. Before turning into the porch we 
stop with our braided insulation, join on an armoured cable, and turn 
in with it to an insulator fixed in the roof of the porch; and so 
when any water runs down the cable it drips off without running to 
the insulator. Though the shafts have had to be repaired, and men 
have let bricks fall down, there has been no accident with the cables. 
So I do not think we can say with Mr. Ravenshaw that we should 
stick to armoured vulcanised bitumen cables. Putting in a cable 
which has to be fixed all down the side of the shaft is a very ex- 
pensive matter, because a heavily-insulated and armoured cable has 
to be used every time, and the fixing of boxes and the like in shafts is 
expensive. If a fault develops it is difficult to locate the position of 
it. We have shafts of the following lengths :—боо yards, 400 yards, 
and 330 yards. In putting cables into these, all we do is to order 
them to be in one length, hard drawn—for instance, боо yards 135 
S.W.G., which leaves a factor of safety of 8, so that there is not much 
fear of their breaking by their own weight. We have never found 
any sign of stretching in the cables, although we have had them in 
since 1893. I think that is a very good test. The drum of cable is 
run into the cage, and is lifted up so that it can revolve on a bar which 
rests on the sides of the cage, and then the end of the cable being 
secured to the insulator, the cage is lowered, and in this manner two 
cables 600 yards long have been hung in an hour. 

With regard to shunt motors, and Mr. Kapp’s remarks on them, we 
connect the shunt from the first step of the starting switch. It is 
arranged so as to keep contact with that first step, and we have never 
had trouble with the shunt breaking down the insulation of either 
motors ог mains so long as the shunt was excited from the first 
step. As to liquid resistances, I would not have any of them near 
a colliery. I have had a few, but they did not succeed well. Тһе 
Gramme armature, in my opinion, is the one for coal-mining. One of 
the conditions in coal-working which one must keep in mind is that 
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. there is only a certain time in which to draw coal. Under the new 
Miners' Eight Hours Bill our time for drawing the coal will be limited 
still more, and it will leave very little time in which to work. Every 
half-minute lost is a consideration. If everything goes well the coal- 
winding begins at 6 o'clock a.m. and continues without cessation, 
except from 1o to 10.30 a.m., until 4 o'clock, and anything that stops 
a single wind of the cage in working hours is so much 1055. Therefore 
a matter to consider in a coal mine is, if anything goes wrong, 
what is the quickest way of repairing it. Тһе haulage motors аге 
as important a part as the winding engines. If the coal is not 
ready at the bottom, it follows that it cannot be wound to the top, 
and any fault that develops in a haulage motor stops the working of the 
pit. That motor is the best which can be repaired most quickly. Mr. 
Ravenshaw advocates the drum armature, and also the enclosed motor. 
He says colliery engineers do not care for the enclosed motor because 
some day it will be run with the covers open. I prefer to have it open 
where it can have fresh air from the intake, and it can then Бе readily 
inspected. The motors which are made nowadays are very пісе іп 
appearance and efficiency, but they have got ridiculously small from 
the colliery engineer's point of view. А maker recommends his motors 
because they weigh half as much as somebody else's for a given output. 
I grant that the armatures are beautifully wound, and the wires are laid 
compactly and neatly, but if anything happens to such an armature and 
you want to get one of the coils out, you have to pull the whole 
armature out, and probably have to send it to the makers. We have 
big Gramme armatures with rough-looking windings, and when апу- 
thing goes wrong with these they telephone to the surface, “Our motor 
has flashed.” А man immediately goes with a pair of pliers and a piece 
of wire, cuts out the faulty coil, binds the wire round the two ends of the 
commutator segments, and away it goes again. The machinery is not 
stopped for long. That has happened over and over again. I have 
some drum armatures, and I wish I had not, because breakdowns are 
always occurring with drum armatures in the ratio of 4 of the drum to 
1 of the Gramme. If I have to buy a new motor for our kind of work 
I do not look for the one with the best name, but I go for one the parts 
of which are easy to get at if anything goes wrong, one which can be 
easily repaired. The haulage in a mine is very similar to tramway 
work. Тһе gencrating plant and load are also very similar. We 
have several 200-horse-power Parsons steam turbines, and the load 
on them is very much like that for tramway work. I may tell you 
some of our experience with steam turbines. When we decided to 
install these at the end of 1895, colliery engineers scoffed at us 
and told us we were foolish to go in for such high-speed engines. 
Various travellers who came recommended their machines, and one 
said that belt-driving is the best. Others said it is better to have 
a high-speed engine coupled direct. I did not like that, because of thc 
shock being transmitted direct to the moving parts of the engine. 
Other travellers said the steam turbine was the worst of all for that 
kind of work. But as there are no reciprocating parts there are no 
excessive stresses developed. That has been proved in our working. 
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We have had them going night and day since 1896, and our total load 
is about 1,000 Н.Р. It isa load that comes on and off very quickly. 
People also warned us that we were getting a rather complicated 
machine which was so designed that our own fitters could not deal 
with it. We have four of them, and they have been running for 
five years perfectly. The only fault we have found is that the oil is- 
sometimes inferior to sample, and of course the bearings get hot; but 
in a colliery, when that happens, you must go on if you can. You can 
pour water on the outside, and thus go on until the coal-winding ceases. 
All we have done where the bearings have worn down and stripped 
some of the turbine blades was to lift the cover of the turbine, cut the 
three or four damaged rows out with a hammer and chisel—there are 
IOO rows or more, so the loss of three or four does not matter much— 
put the cover on again, and at the end of the week ге-Ыаас it; and we 
find a colliery fitter is good enough for the work. Our experience with 
turbines is so satisfactory that we have constantly increased. them, and 
we are expecting to put down 350-horse-power turbines. They arc not 
bolted down to the foundation. With regard to the steam consumption, 
it is no worse than with most non-condensing generating plants, 
namely, 39 lbs. of steam per kilowatt per hour. We have had several 
tests with isolated boilers, and found it 39 to до pounds per kilowatt. 
That test was taken after the turbines had been running for two vears. 
With regard to coal-cutting we have used a three-phase motor, and 
experimented first with it in 1897. Coal-cutting is the worst sort of 
work you can have for a motor. И it is a disc cutter, the coal comes 
down and stops the working by jamming the wheel. In such cases 
you often have to start off against not only a heavy load, but against 
an absolute fixture; you have to move the solid rock if you can. 
Another point is the excessive vibration, for vou are not on foundations 
at all ; you have the motors fixed on a machine which is dancing about 
all over the place. It is grinding away at the soft rock, and vibrates 
terribly. Even a three-phase type of motor is not perfect. The three- 
phase motor will stand moisture and coal-dust, but it is the vibration 
which tells on it. The makers men are not careful enough in 
bringing the wircs out of the slots. At the point where the wires аге 
brought from the slots and turned up at the ends the insulation gives 
way just at the sharp corners owing to vibration, so I think the corners 
should be rounded. We have bent the wires down and put extra 
insulation in, and put them back in their places, and have had no 
further breakdown. 

As to the starting, that was a great difficulty. Series motors are 
generally used in coal-cutting. With series motors, if the wheel is 
jammed quite fast, and the current is switched on with a 500-volt 
circuit, and if the attendant does not switch off immediatelv, the 
armature will be burned out quickly. It all depends on the seam 
that is being worked. If the coal is soft and does not come down 
much, the armature will not suffer much, but with a hard seam the 
cutter- wheel will often be jammed. One advantage we found with the 
polyphase motor was that when the machine was jammed and was 
switched on, there was a hum, but there was not the excessive current 
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which blows the fuses and burns the armatures of continuous-current 
motors. At the same time we found that there was a very considerable 
torque at the moment of switching on. We could see that from the 
effect on the coal-cutter, which jerked forward at the moment of 
switching on, and with the current still on it eased back. So we found 
that if we made a switch that would stand any amount of switching on 
and off, it always moved the wheel a little bit, and finally worked it 
free. We made а gas-tight switch which costs us 8s. complete, a box 
12 inches long by б inches wide, with three contacts down each side and 
three sliding bridges. "These switches have all parts interchangeable, 
and if anything goes wrong we have the spare parts readv, put them 
on and go on again with the work. After experimenting in this wav for 
some time we tried a friction clutch, so as to allow the motors to get up 
speed before beginning to drive the cutter-wheel, but we have finally 
adopted a simpler arrangement. The motors are geared six to one оп 
to a whecl which is free to make one revolution before moving 
the driving shaft, so that they make several revolutions before 
beginning to drive the cutting-wheel. When the man stops, he, Бу 
means of a reversing switch, runs the motors back to the starting point ; 

then on starting forward again, the motors get up sufficient speed to 
start the wheel well. We had to put slip-rings on the motors at first, 
but we have now done away with them. Тһе coal-cutter was the most 
severe test we had experienced. The result of our trials is that we are 
going to build a number of machines running with three-phase currents, 
and we use either a converter or a turbine alternator to drive them 

Mr. E. BROWN (communicated) : In regard to lighting, I do not agree 
that arc lamps are suitable for the pit bottom, as there is not, as a rule, 
sufficient height to fix them so as not to be dazzling to the eyes, but 
prefer the ordinary 16-c.p. lamps, “scattered,” so as to climinate as 
much as possible the effects of shadows. The same remarks apply 
to the screens. 

As to generators, I approve of ventilating spaces in armatures, and 
if they are blown through each day with a pair of hand-bellows no 
trouble will be found with dust. The cord binding, to hold down 
the armature wires, ought to be kept about half an inch from the 
commutator bars to allow the dust to escape while running, or 
when using the bellows, several breakdowns having been caused 
by binding close up to the commutator and so making the escape 
of dust impossible. Of course, spare parts such as armatures or 
field windings must be kept in a dry place, or they will be worse 
than useless when required. 

In connection with the switchboard, it appears to be a good idea to 
have а megohmmeter to test the insulation resistance of the lines; 
hitherto the writer has only used the ordinary galvanometer when 
the machines are at rest. 

Cables require in the shaft somc protection, as pieces of coal drop- 
ping from the cage when the tubs are banked, and also, in winter, ісе 
which has formed in the shaft walling, &c., are liable to pierce the 
insulation and cause a great deal of trouble. Some classes of water 
attack the lead covering of the cables, and at collieries where this 
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is the case lead-covered cables have been abandoned, the cables 
are put into grooves ploughed to suit them іп a 2 inch X 11 inch 
plank and an inch board is screwed on to the front, the grooves 
are well tarred both before and after the cables are put in, and 
then the face board is screwed on. 

As to switch gear for motors, it is important with shunt motors 
to have the shunt switch interlocking with the main switch, so that 
the shunt must be closed before the armature circuit can be closed. 
The usual resistance being used in the armature circuit together 
with a magnetic blow-out to prevent sparking at the last contact 
when opening the circuit, it is only necessary to break the shunt 
circuit when the motor is done with, and through a resistance as 
mentioned by the author. Motors must not be used where there 
is gas. They ought to be ventilated with fresh air; invariably there 
are ways and means of doing this, except in the case of coal-cutters 
at the face of the coal, which ought to be enclosed. No prudent 
man would think of working a motor, knowingly, in an explosive 
mixture ; in the first place the safety lamps would go out, and work 
would be suspended until the ventilation was improved. АП the same, 
motors and switches on coal-cutters working in seams where inflam- 
mable gas is given off should be enclosed. We have six 3o kw. 
motors, four pumping and two hauling, besides several smaller ones, 
and they all have Gramme armatures, and the most we have had is 
four coils burnt out at once (out of seventy-two in the whole armature). 
The motors are never left unattended, and it is easy to detect by smell 
as soon as a coil begins to burn. All our 50 kw. pumping motors are 
series-wound, and the 50 kw. hauling motors are compound-wound. 
One 25 kw. motor is shunt-wound, and is a very satisfactory machine. 
Cleanliness is the great secret of success in electrical transmission, 
given a proper training of the attendants. We have had as many 
as six coils on one armature cut out of circuit (when they have fused) 
by soldering strips across the commutator bars, and have gone оп 
using the motor for some weeks. Carbon brushes are used on all our 
dynamos and motors; they wear away at the rate of about half an 
inch in six months' continuous running. Some of the motors run 
twenty-two hours per day at 600 volts. 

With reference to Mr. Walker's paper, I agree with him that therc 
are many difficulties yet to be overcome before electric miners’ safety 
lamps are a practical and commercial success, and think that a lamp of, 
say, I c.p. should be aimed бог; it should weigh not more than 3 lbs., 
and the battery should, preferably, Бе?а secondary one. 

It is quite necessary, even on the lamps used by the miners, to 
have some form of automatic device to indicate the presence of fire- 
damp in the air before the proportion of gas toair becomes dangerous ; 
and it is absolulely necessary to have some more sensitive device on 
the lamps to be used by officials, whose duty it is specially to examine 
for gases such as CH, and CO,. The gas-indicating apparatus of the 
Sussman Company, as described on page 836 by Mr. Walker, seems to be 
a step in the right direction, and if it can be made to indicate both CH, 
and CO,, it will be an important addition to miners' electric safety lamps. 
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'The Coal Mines Regulation Act forbids any person from taking 
matches into any mine where safety lamps are in use, so that if a lamp 
is accidentally extinguished it is of no use for a workman to open his 
lamp to light it and so commit a breach of the Act, unless he has 
previously committed a breach by taking matches into the mine with 
him, or opening a second lamp to light the extinguished lamp with, in 
which case the lead rivet by which the lamp is locked would be missing 
from two lamps when returned to the lamp-room and would so make 
detection sure. Many mines now have provided lighting stations 
as near to the faces as advisable where the lamps can be lighted 
electrically, without opening them, so saving a great deal of time 
and removing to a great extent the temptation to open them. This 
can now be done with any satety lamp without altering the lamp 
at all, but simply by putting in a new glass having а metallic spike 
or conductor riveted into a hole drilled in the glass, the spike pro- 
jecting a little above the wick tube, but not touching it, the lamp 
bottom forming one terminal and the outer end of the spike the 
other. A primary battery with an induction coil is used. The system 
is patented, and acts well. 

The writer agrees with Mr. Walker that it is important to have 
measuring instruments in circuit when charging secondary batteries ; 
they are equivalent to the steam and water gauges of a boiler, as 
without them you аге in the dark, and тау at any time do much 
damage. 

No doubt much time, patience, and money will yet have to be spent 
before electric miners’ safety lamps are perfected, and if the cost can 
be brought down to, say, 44. рег lamp per week, and a light equal to 
I c.p. given to the collier, he ought to surrender half of the amount of 
extra tonnage rate given him when safety lamps were substituted for 
candles, which is 2d. per ton--therefore a reduction of 14. per ton 
would warrant the use of the more costly electric lamps, to say nothing 
of his own increased safetv. It will be a difficult matter to convince 
him, but the fact is all the same. 

The writer has ignited ordinary illuminating gas by a spark from 
four B-size Obach dry cells in series for signalling purposes. 

Мг. L. W. DE GRavkE (communicated): Мг. Ravenshaw's paper opens 
out an enormous field for discussion, referring as it does to the applica- 
tion of electricity to one of the largest industrics of the country, and 
one in which the engineering difficulties are the greater in that the 
conditions are always liable to variations without warning. 

Power transmission in coal-pits practically resolves itself into the 
consideration of the questions of cables and explosive mixtures. The 
various systems of cables have, of course, their own adherents. Some 
nine years ago, when the use of 500 volts was becoming general for pit 
work, I saw that accidents more or less serious would occur unless 
some improved cable system were employed. The system I designed 
to prevent these accidents consists of a copper inner conductor heavily 
insulated, and a bare galvanised-iron wire outer of the same carrying 
capacity as theinner, this being practically a single cable armoured, but 
having a considerable bed between the dielectric and return conductor. 
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This cable is run down the shaft in a galvanised-iron pipe half aninch 
larger in diameter than the cable, the natural twist in which tends to 
bind on the pipe and thus support its own weight, a cast-iron box being 
provided (as an auxiliary) containing a pair of clamps which grip the 
cable. The pipe is continued some few yards into the “inset,” the 
cable there entering a cast-iron junction box, the inner conductors being 
clamped together (air insulation), and the outer bare conductor being 
clamped up in a packing gland with lead wire packing, thus completing 
the circuit through the box. Along main roads, cross-gates, and gate 
roads, the cable is supported on a piece of galvanised-iron млге, one 
end coiled five times round the cable, the other end being hung over a 
nail driven into a prop, this arrangement being to allow the cable to 
fall to the ground if caught by a fall of roof. At all junctions and cross- 
gates junction boxes and, if required, single-pole switches in cast-iron 
boxes are fixed. Trailing cables for coal-cutters are double insulated 
concentric, and having of necessity to be flexible metallic armouring, 
would bc too light to be of service, consequently they are sheathed with 
leather and other mechanical covering. This class of cable with bare 
return has advantages over ordinary armoured single cables : there being 
what 15 practically only one cable to run and maintain, all shock risk is 
eliminated, and, if made to a proper specification, no leakage or, what 
is really the same thing in a concentric cable, no short circuits will 
occur. This system has stood the test of time and every condition of 
pit work. 

The most important point raised by this paper is that of “ gas," and 
the advisability of enclosing motors, &c. In most seams of coal small 
percentages of gas can be found in the “return” ; but leaving out of 
account for the present machines on the coal face, and dealing with, 
say, a haulage or pumping plant “іпБуе,” there is nothing to prevent 
the plant being put on the * intake" where a place free from gas can 
be found or made; this in itself removes the necessity of enclosing, 
суеп if the enclosing of motors, &c., against gas were possible. 

Apart from hermetically sealing (a condition which, as Mr. Raven- 
shaw admits, cannot exist), the. motor or starting switch gets hot, the 
air expands and gets away somewhere, through the bearings or even 
along the core of the cable. Тһе motor cools and draws in air or * gas," 
the first spark of sufficiently high temperature ignites the mixture, and, 
as а result, there may be anything from a ruined motor case to а 
wrecked pit. If a protection from gas is required it should take the 
form not of a gas-tight joint, but a flame-tight joint, which will let the 
gas in but will not let the flame out, this being the principle of the 
safety lamp. А gap of „y inch, $ inch in length, will cool any flame 
from an explosive mixture ; there must, of course, be an area of joint in 
proportion to the cubic contents of the case. Such flame-tight joints I 
have made and worked in pits for years, tested them in explosive 
mixtures at high velocities, and seen the gas burning inside without 
communicating flame to the outside. 

As to motors on the coal face for coal-cutting : Mr. Ravenshaw says 
these are always enclosed and series-wound. Неге we must agree to 
differ, as out of the many electric coal-cutters I have at work (in 
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practically every coal basin in the country), not one is enclosed and not 
one is series-wound. Against gas I should never dream of enclosing ; 
against dust I consider it inadvisable, as the cooling is bound to bring 
dust in, and there is the copper and carbon dust from inside to contend 
with. Ап enclosed motor in a pit generally runs as long as it will turn 
round without being cleaned or opened, whereas with an open motor 
the machine man knows it is dirty and cleans it. 

We clectrical engineers who are also mining engineersknow that if 
there is gas in explosive quantities electricity is not to be used on the 
coal face. What we do is to find a suitable place on the intake in some 
central position as close as convenient to the face, put in an electric 
motor, drive an air compressor, and employ air-power coal-cutters ; we 
lose about an extra 20 to 25 per cent., but at the worst get 50 per cent. 
compared with 20 to 25 per cent. when the air is compressed on the 
surface. The alternative to this is to enclose the motors, &c., and put 
on inside the case an air pressure of, say, то lbs. through pipes from а 
fresh-air supply and maintain it night and day ; this arrangement is an 
excellent one for chemical works, &с., but for ordinary colliery work it 
is unsuitable, except under somewhat exceptional conditions. When 
all is said and done, however, the objection to enclosing is the feel- 
ing it gives of security which does not exist; this in itsclf is а very 
scrious danger. 

Referring to the serics-winding of coal-cutter motors, the object 15, 
of course, maximum torque; but a properly designed shunt motor with 
a strong field will give all the starting torque a coal-cutter ever requires, 
and has the advantage that it can be run with the feed gear out ot 
action. The objection to a series-winding is the increase of speed 
when the feed gear is thrown out (necessitating switching ой). The 
answer one somctimes gets to this is that the resistance of the gearing 
keeps the speed within 10 to 20 per cent. of the normal, which does not 
sav much for the mechanical part of the machine. 

Mr. Ravenshaw makes some very sweeping condemnations of ring 
armatures ; and whilst praising the drum tor “ short circuiting,” omits 
to mention that a ring 15, from its very construction both mechanically 
and electrically, less liable to break down than a drum. 

My previous remarks show that I attach but httle importance to 
sparking in connection with gas, so that a burnt-out coil, or broken 
connection, does not appeal to me as against a ring armature; but if 
my armatures were in the habit of burning ош, &c., I should cer- 
tainly prefer a ring, for the reason that it, sav, a coil burnt out or 
short-circuited at 10 a.m., the mere fact of being able to keep going to 
the end ot the shift (where the output of the pit depended on the motor 
being kept going) would from the point of view of cost outweigh every- 
thing else, as the cost of a new motor would be nothing compared with 
loss of output. Incoal-cuttersand most other machinery except haulage 
an hour's stop to change an armature would hardly count їп the week's 
work. Тһе damage done to an armature and commutator running 
for a few hours with a bad coil is comparatively slight if anything like 
a massive commutator is employed. 

Alternate currents (multiphase) have not been very generally 
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adopted up to the present. І have some large units, but their 
superiority over continuous currents has yet to be shown. Speed 
regulation is a difficulty, the cable question is not by any means settled, 
and the extra risk from shock which practically necessitates the reduc- 
tion of pressure to 200 volts rather discounts the advantages. 

Several fatal accidents have recently occurred in pits from shock, 
but these are perhaps beyond the scope of the present discussion. 
Referring to the examples given at the end, I notice Mr. Ravenshaw 
refers to these as having occurred during the last ten years, and this 
probably accounts for the majority of them being due to what is to-day 
known to be bad design. A 

Mr. HENRY HALL (communicated) : I have read Mr. Sydney Walker's 
interesting paper. И is true little progress has been made towards fur- 
nishing the mines with a practical, portable electric lamp. Such a 
lamp would be a great boon to the workers in mines, especially to 
hauliers and other hands who have a good deal of moving about in the 
course of their work, and for such purposes it is, I think, unnecessary 
that the lamp should be fitted with any gas-testing apparatus. 

Cannot electricians contrive a lamp to be fixed to the cap after the 
plan adopted by the miners in Scotland and France, with the small 
open light. For the haulicrs to have their hands free would compensate 
for any additional cost. 

Мг. H. С. PEAKE (communicated) : The former paper is a very prac- 
tical one, and there is very little that I can say in criticising it. The 
writer seems to come to the same conclusion that I have, namely, that 
in {һе past clectrical appliances have been too weak, resulting іп break- 
downs ; these have made many people condemn electricity. If machines 
had been made stronger at first, and better adapted to the work they 
had to perform, there would have been a much more extended use ot 
electricity at the present time than there is. 

There аге one or two points on which I don't quite agree with the 
author. In most pits solder can be used on the main roads, and it is 
better and cheaper than using “ Junction" boxes. Our experience is 
that totally enclosed machines are better, as they are not liable to get 


` so covered with dust and dirt as are the open machines, For pump- 


ing and hauling, in fact, for any work which is variable, compound 
motors are preferable to any others, as their speed is more regular 
than that of series machines. I do not think that shunt- wound motors 
should be used for pit work. 

Mr. J. S. BanNEs(communicated): In the first place I must congratulate 
the Institution on having a paper brought before it dealing with so 
broad a subject and one in which there is plenty of room for improve- 
ment and newapplications. The paper of Mr. H. Ravenshaw deals with 
electrical transmission in coal-mines on very broad lines, and opens up 
a vast field for discussion. Мо doubt electrical energy, both for 
lighting and power purposes, is becoming recognised as reliable and 
economical, but in many instances the managers and directors will 
have to be converted from the old to the new school before electrical 
energy will be used universally for mining purposes, and before they 
feel assured that they are to gain materially by the substitution of 
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electrical appliances for old, inefficient machinery and methods. I do 
not think the question of cost will be considered by them. There are 
very few collieries which employ voltages higher than 110 for lighting, 
and only modern and deep collieries have adopted 220 volts, the 220 
volts circuits giving more trouble by leakage and electrolysis, and 
danger from shocks for the most part counterbalances any saving in 
copper in the mains. In shafts of 500 yards or deeper no doubt the 
220 volts would be used advantageously, and would secure economy 
on cost of mains, but for shallow mines the r10 volts system will hold 
its own. It is very seldom that more than 505 volts are used for 
transmission purposes, or that either the three-wire system or adcumu- 
lators are installed. 

Enclosed arc-lamps used in screen, pit-heads, and banks, have the 
advantage of not allowing hot fragments of carbon to cause ignition of 
coal-dust or inflammable materials, but to my mind no arc-lamps 
should be used in pit-bottoms, especially in dusty or fiery mines and in 
the downcast pit-bottoms. Іп this case, were there a large outburst of 
gas, which, as a rule, reverses the direction of the air-current, a dis- 
astrous explosion might take place. The average colliery engineer 
who is responsible for examining boilers and all machinery is very 
reluctant to take over the working of high-pressure steam apparatus 
and very hard to convince about its cconomy, but all modern collieries 
are practically resorting to high steam pressures. I do not know of 
any winding engine being used for driving dynamos, simply from the 
fact that it is not suitable, as it is stopped, started, and reversed 
hundreds of times in а working day; why Mr. Ravenshaw should 
allude to winding engines at all in his paper I fail to recognise. Some- 
times the fan engine is used for driving electrical machinery, but 
in many cases this is not desirable. First-class high-speed vertical 
engines are not likely to make rapid progress for colliery work, as the 
manager will not pay qualified mechanics who understand them. Тһе 
ordinary colliery engineer and mechanic naturally prefers to adopt 
and look after the slow-speed horizontal engine, which it is easy for 
him to repair and understand. 

Internal] ventilated air-spaces in dynamos and motors certainly 
harbour dust, but I see no serious disadvantage in this if the dynamo 
attendant blows through the spaces with a pair of bellows daily. 
Some collieries keep the space armatures in a cold and damp store- 
room; but this is wrong; they should be kept in the dynamo-room 
which is generally of a warm and even temperature. 

In tail- and main-and-tail-rope systems of haulage the load for every 
train of corves (pit-waggons) is practically constant with respect to the 
train itself, but the load on the motors varies considerably by 
depending on the various gradients along the haulage road, and the 
number of starting and stopping stations of the train, апа the number 
of corves left or taken from any particular station. In endless-rope 
haulage, if the loaded corves are put on to the wire-rope at regular 

distance and at constant intervals, as they are taken off at the pit- 
bottom, and the same system is resorted to with the empty corves, 
the load on the motor is practically constant; but this ideal is 
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impossible unless there is always a surplus of standing full corves at 
stations along thc haulage road together with a surplus of empty corves 
standing at the pit-bottom ready for connecting to the wire-rope. In 
anv casc the fluctuation of load on the motors is unavoidable, but it is 
not limited to quick and sudden falling off or overloading, as the wire- 
rope generally only travels at about three miles an hour against the tail- 
and main-and-tail-rope haulage systems travelling about ten to twelve 
miles ап hour. Should the corves suddenly drop off the rails and 
become jammed, there is а very severe overload with the latter two 
systems of haulage, and this throws sudden overloads on to the motors 
and wire-rope ; but in most cases, before much damage сап be done 
to the motors, the rope will break, owing to the sudden stress caused 
by its relatively high velocitv and to the corves coming in contact with 
resistance. Then retardation results, or the motor fuses will blow if 
апу согус fall off the rails. In the endless haulage system there is not 
such a sudden overloading of the motors ; the motors will of course be 
overloaded, but not so suddenly. 

Switch-boards at collieries should be constructed of incombustible 
materials as far as posssible, and be subject to Board of Trade regula- 
tions with respect to the distance at the back of board, etc. Опе often 
finds instruments and switches mounted directly on a base of wood 
fastened immediately against the wall with no accessible room behind 
them. Wattmeters and earth lamps would be very useful on collierv 
switch-boards, but they are conspicuous by their absence at nearlv all 
collieries, Cables in damp and wet places should have a moisture- 
resisting substance for their insulation, and should be lead-covercd. 
In situations where the temperature is constantly fluctuating, bitumen 
insulation is liable to crack and cause leakage. Cables should never be 
installed in the upcast shaft, not only on account of the important 
reasons given by Mr. Ravenshaw, but also. because, should there be an 
carth on one side of the system (say the positive) anywhere on the 
network, апа should a fault develop on the other side of the svstem 
(i.c, the negative) іп the shaft and then cause sparks, a fire in the 
shaft would probably be the result. Should апу explosive gases be 
passing up the shaft at the timc, a disastrous explosion might take 
place. 

In reference to breaking the shunt coils of the motors without anv 
resistance in circuit, not only would disruptive sparking and straining 
of the insulation take place, as pointed out Бу Mr. Ravenshaw, but the 
motor would lose its magnetic field, together with its load, and hence 
must short circuit and eventually burn out thc armaturc. 

:vidence as vet has not come to hand of sparking brushes causing 
an explosion of gas in mines. However, as the electrophorus will 
ignite the gas from an ordinary gas jet, it is only reasonable to assume 
that the intense sparks, emitted from the brushes, would ignite gas in 
the mine, and no doubt multiphase motors will eventually supersede 
the continuous-current motors not only from the absence of sparking 
in them, but also on account of the better mechanical results in dealing 
with overloads, etc. 

Motors for pump and haulage work in damp and wet places in 
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mines should not be coupled to the pumps or haulage apparatus dircet 
through spur and metallic gearing, because the attendant may receive 
asevere and dangerous shock. In any case the stress and strain is 
more severe on the machinery itself, due to its rigidity; and rope-driving 
should be resorted to, because there is more flexibility, and it takes up 
the sudden stress of the load. | 

Coal-cutting is a very severe and trving test for a motor, and to my 
mind the multiphase is preferable to the continuous-current motor for 
this class of work. I have a case in mind where at least onc ог two 
armatures are burnt out weekly, due to sudden overload by the cutters 
getting jammed, and I consider that in the future there isa great field for 
multiphase motors for this class of work. Тһе author of the paper has 
entirely left out of consideration the uses of electricity in the operations 
of mine-sinking, and coal-washing, and in replacing isolated small 
steam-wasting engines by motors. ОҒ course these are subjects which 
аге not connected with work below ground in the coal-mine, but never- 
theless are of importance in connection with the works at the surfacc. 
The points raised Бу Mr. Ravenshaw numbered alphabetically are to 
my mind common occurrences, but where technical knowledge is 
possessed by the electrician at the collicries, they are not likely 
to occur. 

Мг. W. MAURICE (communicated): Mr. Walker is well known to have 
devoted considerable time and епегру towards the solution of the 
problems involved in the production of a satisfactory portable clectric 
lamp, and it is therefore advantageous to have from him so compre- 
hensive a contribution on the subject. 

In the design of “ gas” indicators for electric hand lamps I do not 
sec that anything further is necessary than to provide means of show- 
ing the presence of a suffocatingly dangerous volume of “ gas." Norma] 
quantities of gas would be detected by the officials in charge of the 
mine, who гагсіу leave any working place uninspected for a longer 
period than two hours. It is doubtful if extremely sensitive “gas” 
testers are of much real value, for mine * gas" usually consists of a 
mixture of methane (CH,), and other of the homologous (paraffin) 
series of the hydro-carbons, with various other gascs—analvsis yielding 
different results in different mines. Sulphuretted hydrogen requires no 
other tester than a man's sense of smell. Carbonic acid gas is rarely 
found in appreciable volume except under circumstances when its 
probable presence would be foreseen, and provision made for dealing 
with it. 'l'he same may, in a practical sense, be said of carbon mon- 
oxide, since such quantities as might conceivably be produced in 
ordinary operations would be swept away by the ventilating current 
before any injury would be likely to result from its presence. CO is 
somctimes tested for in mines by means of palladium chloride, into 
a solution of which a piece of white filter paper is dipped, the presence 
of CO being indicated оп the paper by varying degrees of discolora- 
tion, according to the percentage present in the atmospherc. 

I quite agree with Mr. Walker that there would be fewer accidents 
from falls of roof and side if it were practicable substantially to increase 
the illumination of all working places in mines. But I doubt it cannot 
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be said that there is now a lamp in the market which fulfils necessary 
conditions— entirely regardless of its initial or upkeep cost. I have at 
one time or another during the last ten years tried every secondary cell 
lamp described by Mr. Walker, with the exception of Sussman's most 
recent pattern, and though several are excellently made, and most 
useful for some purposes, they do not meet the every-day exigencies of 
mine-working. Most of them can be taken in pieces by means of a 
pocket-knife or a nail ; most of them are so heavy as to induce in the 
workman a disposition to neglect his periodical inspections of the 
working place ; and all, sooner or later, “go out" at an inconvenient 
time. With some it is impossible to examine the roof of the mine 
properly ; with others, it is equally impossible to inspect the floor. For 
the purpose of making personal examinations, I find the most satis- 
factory combination in the Bristol pattern accumulator with detachable 
lamp in bull's-cye case. With the cells strapped to the waist and the 
lamp hung on coat lapel or carried in the hand, the most minute 
inspection of roadways, etc., can be made with easc. 

Mr. Walker docs well in attempting to exorcise the “spark” fiend. 
It has proved a most powerful influence against the introduction of 
electrical apparatus into coal-mines, though there are comparatively 
few in which an occasional spark could be seriously supposed to bea 
source of danger. 

Mr. Н. D. WILKINSON (communicated) : Mr. Ravenshaw has pointed 
out the extremely trying conditions under which electrically-driven 
coal-cutters are required to work, and I am sure no one familiar with 
them will say that he has overstated the case. Notwithstanding the 
severe conditions, the economies to be effected in coal-cutting by 
mechanical means over hand labour are so considerable that the use of 
these machines has lately become greatly extended and their design 
improved. Inlong-wall mining it is possible now to undercut toa depth 
of 7 feet by electrically-driven cutters, thus saving the large amount of 
round coal which would otherwise be broken up in holeing out by hand, 
and enabling the block to fall by its own weight without blasting. 
Mr. Ravenshaw makes no more than a cursory reference in his paper 
to the employment of polyphase motors for cutters, but I think this side 
of the question may assume too important a bearing to be passed over 
without further reference while the subject is under discussion. 

Conditions may exist which favour the polyphase system even when 
each mine is supplied from its own generating station at the pit-bank 
and the transmission is direct from generators to motors. But when it 
is desirable to supply several neighbouring mines from one gencrating 
station at a central mine, and for reasons connected with economy and 
regulation power is distributed over several miles by a high-tension 
polyphase system, considerable saving may be effected and simpli- 
city in working gained by dispensing with intermediate converting 
machinery and adopting multiphase motors for every purpose. 

Having carefully watched the performance of coal-cutters at the 
coal face underground in different mines, both with direct-current and 
three-phase motors, it is clear to me that not only are polyphase motors 
practicable for coal-cutters, but, with a not too narrow seam, they are 
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preferable to direct-current motors. At Messrs. Pope & Pearson's 
colliery, Normanton, two то Н.Р. (nominal) three-phase motors are 
fitted to a cutter, one at each end, and both geared to the cutter-wheel 
through reducing gear. Тһе stators of the two motors are connected 
in parallel, and the rotors are self-contained, having no slip-rings or 
external resistance. Current is generated at 600 volts, with about 
550 volts at the motors, and the starting switch on the cutter puts the 
full voltage on to the stator. Reversing is provided for in the same 
switch in the usual way by reversing two or three line wires. One 
main switch is also provided independent of the reversing switch, but 
no further means of breaking circuit is necessary at the motor, the 
usual three-pole switch and fuses being provided at the gate junction 
box some fifty vards away. 

А voltage equal to anvthing that is used with direct current can be 
used with polyphase motors without as much, if anv, risk of shock, 
because from their construction there are no exposed parts. "Their 
size is somewhat larger than direct-current motors for the same power, 
but this is only a question of suitability to the seams being worked. 
From the mechanical severitv of the work in coal-cutting and the 
small clearance between rotor and stator the bushes require renewing 
rather more frequently than in more ordinary work, but this is by no 
means а serious item, and no harm results to апу of the windings even 
if bushes are not renewed in time to prevent touching. The initial 
difficulties іп re-starting when the cutter-wheel is absolutely jammed 
have been well put before us in the discussion by Mr. Holliday. The 
initial torque, which in a direct-current series motor can be made about 
four times the full-load torque, by large increase of current can in the 
polyphase motor be made as much as twice or two-and-a-half times the 
full-load torque at starting from rest; but, as Mr. Holliday explained, 
a better means has been devised for re-starting under these conditions, 
namelv, provision in the gearing for a certain amount of backlash. Ву 
this means, when the cutter-wheel is jammed, the motors and gearing 
can be got away from the wheel by reversing, and then upon ге- 
starting, the motors can gain several revolutions before they come up 
to the work, thus enabling them to develop sufficient power to shift 
the wheel and continue the work. "This method was, I believe, also 
simultaneously and independently devised by the Diamond Coal-Cutter 
Company, of Normanton, Yorkshire, who have introduced many im- 
provements in coal-cutters, and in connection with the General Electric 
Company of London and Manchester have worked these machines 
successfully with three-phase motors. 

I understood Mr. Kapp, in his remarks, to lay stress on the greater 
suitability of direct-current motors for hauling, where large initial torque 
and speed regulation were required; but I presume he applies this 
more particularly to large electric winding machines for hoisting in a 
shaft, as, indeed, the example he gives of a 1,000 KW. plant leads one 
to suppose. Otherwise, for comparatively small hauling machines up 
to 5o or бо H.P., such as are used at the pit-bottom for hauling tubs out 
of the mine on the level, the polyphase motor appears to me quite as 
suitable as the direct.current. For such work there is no necessity for 
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be said that there is now a lamp in the market which fultils necessarv 
conditions— entirelv regardless of its initial or upkeep cost. I have at 
опе time or another during the last ten years tried every secondarv cell 
lamp described by Mr. Walker, with the exception of Sussman's most 
recent pattern, and though several are excellently made, and most 
useful for some purposes, they do not meet the every-day exigencies of 
mine-working. Most of them can be taken in pieces by means of a 
pocket-knife or a nail ; most of them are so heavy as to induce in the 
workman a disposition to neglect his periodical inspections of the 
working place; and all, sooner or later, “go out" at an inconvenient 
time. With some it is impossible to examine the roof of the mine 
properly ; with others, it is equally impossible to inspect the floor. For 
the purpose of making personal examinations, I find the most satis- 
factory combination in the Bristol pattern accumulator with detachable 
lamp in bull's-eye case. With the cells strapped to the waist and the 
lamp hung on coat lapel or carried in the hand, the most minute 
inspection of roadways, etc., can be made with easc. 

Mr. Walker does well in attempting to exorcise the “spark” fiend. 
It has proved a most powerful influence against the introduction of 
electrical apparatus into coal-mines, though there are comparatively 
few in which an occasional spark could be seriously supposed to bea 
source of danger. 

Mr. Н. D. WILKINSON (communicated) : Mr. Ravenshaw has pointed 
out the extremely trying conditions under which electricallv-driven 
coal-cutters are required to work, and I am sure no one familiar with 
them will say that he has overstated the case. Notwithstanding the 
severe conditions, the economies to be effected in coal-cutting bv 
mechanical means over hand labour are so considerable that the use of 
these machines has lately become greatlv extended and their design 
improved. Inlong-wall mining it is possible now to undercut to a depth 
of 7 fect by electrically-driven cutters, thus saving the large amount of 
round coal which would otherwise be broken up in holeing out by hand, 
and enabling the block to fall by its own weight without blasting. 
Mr. Ravenshaw makes no more than a cursory reference іп his paper 
to the emplovment of polyphase motors for cutters, but I think this side 
of the question may assume too important a bearing to be passed over 
without further reference while the subject is under discussion. 

Conditions may exist which favour the polyphase system even when 
each mine is supplied from its own generating station at the pit-bank 
and the transmission is direct from generators to motors. But when it 
is desirable to supply several neighbouring mines from one generating 
station at a central mine, and for reasons connected with economy and 
regulation power is distributed over several miles by a high-tension 
polyphase system, considerable saving may be effected and simpli- 
city in working gained by dispensing with intermediate converting 
machinery and adopting multiphase motors for every purpose. 

Having carefullv watched the performance of coal-cutters at the 
coal face underground in different mines, both with direct-current and 
three-phase motors, it is clear to me that not onlv are polyphase motors 
practicable for coal-cutters, but, with a not too narrow seam, they are 
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preferable to direct-current motors. АЁ Messrs. Pope & Pearson's 
colliery, Normanton, two то Н.Р. (nominal) three-phase motors are 
fitted to a cutter, one at each end, and both geared to the cutter-wheel 
through reducing gear. The stators of the two motors are connected 
in parallel, and the rotors are self-contained, having no slip-rings or 
external resistance. Current is generated at 600 volts, with about 
550 volts at the motors, and the starting switch on the cutter puts the 
full voltage on to the stator. Reversing is provided for in the same 
switch in the usual way by reversing two or three line wires. One 
main switch is also provided independent of the reversing switch, but 
no further means of breaking circuit is necessary at the motor, the 
usual three-pole switch and fuses being provided at the gate junction 
box some fifty vards away. 

A voltage equal to anvthing that is used with direct current can be 
used with polyphase motors without as much, if any, risk of shock, 
because from their construction there are no exposed parts. "Their 
size 15 somewhat larger than direct-current motors for the same power, 
but this is onlv a question ot suitability to the seams being worked. 
From the mechanical severity of the work in coal-cutting and the 
small clearance between rotor and stator the bushes require renewing 
rather more frequently than in more ordinary work, but this is by no 
means a serious item, and no harm results to any of the windings even 
if bushes are not renewed іп time to prevent touching. The initial 
difficulties in re-starting when the cutter-wheel is absolutely jammed 
have been well put before us in the discussion by Mr. Holliday. "The 
initial torque, which in a direct-current series motor can be made about 
four times the full-load torque, by large increase of current can in the 
polyphase motor be made as much as twice or two-and-a-half times the 
full-load torque at starting from rest; but, as Mr. Holliday explained, 
a better means has been devised for re-starting under these conditions, 
namelv, provision in the gearing for a certain amount of backlash. Ву 
this means, when the cutter-wheel is jammed, the motors and gearing 
сап be got away from the wheel by reversing, and then upon rce- 
starting, the motors can gain several revolutions before they come up 
to the work, thus enabling them to develop sufficient power to shift 
the wheel and continue the work. This method was, I believe, also 
simultancously and independently devised by the Diamond Coal-Cutter 
Company, of Normanton, Yorkshire, who have introduced many im- 
provements in coal-cutters, and in connection with the General Electric 
Company of London and Manchester have worked these machines 
successfully with three-phase motors. 

Г understood Mr. Kapp, in his remarks, to lay stress on the greater 
suitability of direct-current motors for hauling, where large initial torque 
and speed regulation were required ; but I presume he applies this 
more particularly to large electric winding machines for hoisting in a 
shaft, as, indeed, the example he gives of a 1,000 KW. plant leads one 
to suppose. Otherwise, for comparatively small hauling machines up 
to 50 or 60 H.P., such as are used at the pit-bottom for hauling tubs out 
of the mine on the level, the polyphase motor appears to me quite as 
suitable as the direct-current. For such work there is no necessity for 
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a rapid acceleration of the tubs from rest, and the usual interlocked 
switch lever for reversing and varying speed by resistance in the rotor 
circuit answers exceedingly well for this kind of work. | 

Мг. W. B. SAYERS (communicated): I was greatly interested т Mr. 
Ravenshaw's paper and in the discussion which followed it. With 
regard to the paragraphs on “Switch Gear for Motors” and * Motor 
Starting Switches," Mr. Kapp anticipated me by inquiring why Mr. 
Ravenshaw does not use the method of connecting up a starting resist- 
ance in which the armature, shunt coils, and starting resistance are 
coupled up in series forming a closed circuit, and which obviates any 
difficulty from inductive effects of the shunt, both as regards sparking 
and danger to insulation. I am constantly meeting with cases where 
other arrangements have been adopted and have given trouble, and in- 
variably change them to the one described with perfectly satisfactorv 
results. 

One very important point in favour of it 1s that a broken connection 
immediately asserts itself, whereas a break in a non-inductive resistance 
connected in parallel with the shunt may remain undiscovered or may 
be neglected until damage has been done. Liquid resistances, as 
made, give trouble in my experience owing to stcam, and salt or soda 
crystals, destroying the insulation ; but assuming that a satisfactory 
design could be made, it is a serious disadvantage that in the case 
of shunt motors the closed circuit method of connecting with starting 
resistance cannot be used. 

As regards the use of a non-inductive resistance in parallel with 
series coils, 1 would point out that if anything like the same propor- 
tions were adopted as Mr. Ravenshaw recommends for shunt coils, 
namcly, that the resistance should be equal to twice that of the coils, 
there would be serious interference with the characteristic of the motor 
unless the coils were designed to be shunted with such a resistance. 

The waste of energy which would result with a resistance coupled 
permanently in parallel with the series coils is, І think, not warranted ; 
cither the resistance should be coupled in by the switch just before 
breaking circuit, or the switch contacts and length of break, and the 
insulation of the coils should be designed to stand the extra sparking 
and stresses. The extra stresses on insulation are, of course, small in 
the case of a scries coil when compared with those caused by the 
breaking of a shunt circuit. I agree with Mr. Ravenshaw that it is 
better to have starting resistances large cnough to be used for regulating 
purposes without danger. The difficulties with liquid resistances are, 
of course, greatly increased when they are used іп this way, owing to 
the stcam gencrated. 

With regard to the use of compound motors I do not follow Mr. 
Ravenshaw's argument ; if the shunt winding of a motor has been 
properly designed, the motor will run a little slow when started up 
cold, and will gradually creep up to its normal speed as the shunt 
heats up. If the shunt gets too hot there may be worse results than 
the mere increase of speed of the motor. The objections to com- 
pounding where it can be avoided are increase of cost and the 
necessity of using finer wire on the shunt than would otherwise be 
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required, The change of speed with heating will take place even 
іп а compound motor, though to a slightly less extent than in a 
simple shunt motor; and it may be avoided where objectionable 
by having a rheostat in the shunt circuit which is cut out as the 
temperature of shunt rises. 

As regards the use of Gramme winding for armatures, and referring 
specially to the remarks of Mr. Holliday, it is easy to understand that 
mining engineers should prefer an armature in which they can readily 
cut out a faulty coil and start to work again without much loss of time, 
so long as their experience warrants them in holding the view that 
electric motors must be subject to such faults at comparatively fre- 
quent intervals. 

But this view is not warranted if the best class of drum armatures 
with barrel end windings are considered; this type of armature is 
susceptible of far better mechanical design than a Gramme-wound 
armature, and the breakage of commutator connections and occasional 
short-circuiting of coils is a thing of the past as regards such arma- 
tures, . 

I was lately called in to report on the cause of failures to a number 
of motors in use on electric cranes in a stone quarry. The armatures 
in four motors had each of them one or more coils cut out of circuit, 
and the commutator sectors bridged in the manner referred to bv Mr. 
Holliday. Тһе owners of the quarry objected strongly to the necessity 
for making such repairs, and I entirely agreed with them, and recom- 
mended that the motors should be fitted with drum armatures of an 
improved mechanical design; and from other experience I have no 
doubt that although the strain to which the armatures referred is ex- 
ceptionally severe, owing to the nature of the work they have to do, that 
the change will be a complete remedy. | 

Where there are a number of motors of the same size and {уре with 
interchangeable armatures the provision of one spare armature 15 usually 
sufficient to avoid risk of serious interruption to the work in case of 
anvthing going wrong. 

Mr. А. T. SNELL (communicaled) : The applications of electricity to 
coal-mines are chiefly interesting to the colliery engineer апа those 
engaged in the design and supply of special machinery. The subject 
is studied but little by electrical engineers in general, апа hence 
probably the rarity of occasions on which papers bearing thereon 
are read before the Institution of Electrical Engineers. Mr. Н. Raven- 
shaw is to be congratulated on his brief. but suggestive paper. No one 
is better qualified by past experience and present practice to deal with 
the whole question, and his résumé of work done and progress made 
during the past ten years is specially opportune and valuable. 

As one of the first workers in the same field, since my first cx- 
perience dates back to the cightics, it is particularly interesting to 
compare results with my able friend. Looking casually through the 
second edition of “Electric Motive Power," and comparing point for 
point with Mr. Ravenshaw's paper, I am much pleased to find how 
closely our general conclusions agree. Indeed, it would appear that 
the lines оп which electric power with continuous current is most 
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safely and economically applied to coal-mining have reached a fairlv 
defined state. Improvements in details are of course possible and 
desirable all along the line, but no colliery proprietor need now 
hesitate to sink capital in electric power because the special plant is 
immature or untried. 

Electric lighting for pit bank and shaft bottom is now the rule. 
Pumps, both main and dip, are frequently worked electrically, and 
the advantages of electric haulage are becoming more and more 
apparent. Electric coal-cutting has also received a marked impetus 
during the last few years, Messrs. J. Davis & Son and Messrs. Clarke, 
Stevenson & Co. being especially successful with their respective 
plants. As for cables, I agree with the author as to the good qualities 
of Messrs. Callender’s armoured vulcanised bituminous cables for 
shaft and other exposed positions. I join issue, however, respecting 
the author's preference for drum armatures. I have found gramme 
rings to give less trouble from “ burning out" and to be more readily 
repaired гл sifu, which is а most important matter in colliery work. 

Тіс slow introduction of polyphase machinery into British mines 
requires explanation. "That it is not due to inherent defects or unsuit- 
ableness in the special plant I am fully convinced, and I repeat here 
what I stated cight years ago, that' “the future of electric work in 
mines lies with the polyphase systems.” 

The author says he has not applied multiphase motors in mining 
work, presumably from necessity and not from choice. It is only 
during the last few years that this type of motor has been manufactured 
in England, and thus given confidence to those responsible for their 
recommendation. Now, the General Electric Company have supplied 
from their Manchester works an “all British” three-phase coal-cutter 
to опе of Messrs. Pope & Pearson's pits, and Messrs. J. Davis & Son 
have a three-phase pumping plant (of American design, I believe) at 
Ackton Hall Colliery. Both of these, I am informed by Mr. H. D. 
Wilkinson, who inspected them last month, are doing excellent work. 
These small ventures represent, I hope, a new departure, and are the 
heralds of an extensive application of polyphase motors. 

I am in sympathy with the author as to the amount of bad or 
unsuitable work to be found in colliery installations. Indeed, it savs 
much for the “high order of intelligence found among those in 
responsible positions in collieries,” but more for the safety of electric 
power, that so much has been successfully accomplished. I look for 
rapid progress in the near future. 

Mr. Sydney Е. Walker's paper on miners’ electric safety lamps 
raises an important issue with which I have had no recent experience. 
Personally I tried in the early nineties most of the hand-lamps then 
exploited, but found all to be either heavy, weak in mechanical details, 
or difficult to charge quickly and completely, and all too costly in 
upkeep. The author does not appear to offer any definite solution of 
the problem, although he indicates the lines on which he thinks a 
suitable lamp might be evolved with a primary battery. My own 
experience with primary batteries has not been a happy one, and I do 
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not look for much from them. The subject is an important onc, and 
deserves more attention than it has perhaps received. 

Mr. M. O’GORMAN (communicated): There аге several points of 
detail in Mr. Ravenshaw's paper which call for remark. He points out 
certain primitive methods in use in mines, and it is certainly to be 
hoped that no legislation will be put in force against these primitive 
methods which are the pioneers of sound engineering. The Workmen's 
Compensation Act alone is sufficient to make employers keenly alive 
to the importance of adequate safeguards. 

Only experiment would have shown that bare bell-wires would not 
ignite explosive gases when the ringing is eftected by simply pinching 
two wires together at any point. The reason is probably that the spark 
is extinct before the wires are distant by ап amount equal to the mesh 
of a safety lamp. І believe Professor Thompson found that the slight 
sparks on the commutator of а good motor did not ignite the gas. It 
would be interesting to know if he tried this experiment with carbon 
brushes, because with these the skin resistance is less, and although the 
spark may be very minute, it is probably longer and more full of 
incandescent solids than the spark between two pieces of copper. 

It would have been interesting if detailed experiments of electrically 
driven winding engines had formed part of the paper, because these 
are comparatively unknown, and the reasonable certainty of their 
satisfactory operation is most important for central power distributions 
to collieries. 

Mr. Ravenshaw's testimony in favour of bitumen cables is note- 
worthy. Presumably they are cheaper than rubber and lighter than 
lead-covered. But this by no means settles the matter, witness Mr. 
Holliday's most interesting communication on the use of lightly insulated, 
unarmoured slung cables. I cannot but think that if insulated cables 
are to be used, concentrics are better, cheaper, and equally reliable ; 
leakage usually occurs from the outer and gives warning of a fault 
which might stop the work. Іп wet places they do not suffer from 
porosity of the negative, and they take up less room in the downcast 
shaft. I have laid and jointed lcad-covered concentrics with complete 
satisfaction, so that the above is not a purcly speculative statement. 
In every shaft temperature variations cause considerable difficulties 
with cables, and it is not always possible to use the downcast shaft. 
With fibre cables the dielectric flows downwards, and the fibre of the 
cable gets dry at the top. Each increase of temperature causes an 
expansion of the impregnating fluid to occur downwards. In practice 
almost complete dryness of portions of the cable seems to do no harm 
whatever for pressures up to 500 volts, except when the dry portion has 
to be cut for jointing or repairs. It is then exceptionally hydroscopic, 
and water may get in at the upper end and flow right down the cable, 
ruining the whole of it. 

If after five or six years Mr. Ravenshaw finds that there is no viscous 
or other flow ‘of bitumen, it certainly has an advantage in this matter ; 
but the use of single cables individually armoured must increase the 
self -induction of the circuit, and therefore aggravate the viciousness of 
sparking. Тһе use of steel tubes such as simplex, unless it be made 
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electrically continuous, is, I think, not advisable, in spite of Mr. Raven- 
shaw's favourable verdict. The supports of the simplex under ground 
arc liable to move, and if the tubing has at any terminal become con- 
nected to either pole, the likelihood of a spark between two lengths 
of tube is considerable, and this spark may occur although the insulation 
of both poles to earth is perfectly good, because the enamel on the 
tubing at the point of support frequently gives it an apparently 
satisfactory insulation. 

The PRESIDENT: I will ask Mr. Ravenshaw and Mr. Walker to give 
their replies at the next meeting. 


The PRESIDENT announced that the scrutincers reported the follow- 


ing candidates to have been duly elected :— 


Associate Members : 


Arthur George Cooke, M.A. | Herrmann Oskar Eurich. 
William Thomas Leeming. 


Associates : 

John Daniel Dyson. Albert Edward Loos. 

Richard John Montague Holmes. Arthur Norris Robinson. 

Albert Henry Hunt. Samucl Robinson. 

Wilham Richard Kelsey. | Oscar Fridolf Alexander Sandberg. 
Students : 

Richard Charles Caldbeck. Charles William Dilks Peel. 

John Ridge Hewett. George Wigram Stewart. 

Robert Valentine Kemp. Hans Miiller Stich. 


James Percy Winn. 
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The Three Hundred апа Sixty-third Ordinary General 
Meeting was held at the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday evening, 
April 18th, 1901, Professor JOHN PERRY, F.R.S., Presi- 
dent, in the chair. 


The minutes of the Ordinary General Meeting held on 
Thursday, March 28th, were read and confirmed. 


The names of new candidates for election were 
announced, and it was ordered that they should be 
suspended in the Library. 


The following transfers were announced as having been 


approved by the Council :— 
From the class of Associates to that of Members— 
John Powell Edwards. | Alexander S. Garfield. 


From the class of Associates to that of Associate 
Members— 


William D. Duddell. 


From the class of Students to that of Associates— 


Arthur B. H. Cope. | Alfred S. Esslemont. 
John F. Henderson. 


Messrs. |. S. Fairfax and E. A. Howell were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Library and to the Building Fund 
“еге announced as having been received since the last 
meeting :—To the Library, rom D. Van Nostrand Company, 
Mr. C. H. Wordingham, Member ; to the Building Fund, 
from Messrs. W. К. Rawlings, E. M. Malek, Herbert Nash, 
А.С. Seaman, Hans Stich, J. Grant, W. К. Wynne, Н. J. 
Gridley, and Е. О. Hunt, to whom the thanks of the meeting 
were duly accorded. 


The PRESIDENT announced that the Council of the 
Society of Arts had arranged for a course of “Howard” 
Lectures, on Polyphase Electric Working, by Mr. A. C. 
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Eborall, and had kindly placed a certain number of tickets 
for the course at the disposal of the Institution. Не further 
stated that these tickets would be issued to members in the 
order of application. 


REPLIES TO THE DISCUSSION ON THE PAPERS ENTITLED: 
* Electrical Miners’ Safety Lamps," by S. Е. Walker, Member. 


* Some Notes оп the Electrical Transmission of Power in Coal Mines," 
by Н. И’. Ravenshaw. 


Mr. S. F. WALKER, іп replv, said : Mr. President апа Gentlemen— 
I am in the pleasing position of having very little to reply to. My 
remarks apparently met the approval in the main of those gentlemen 
who were kind enough to take part in the discussion. I am asked to 
correct a misapprehension that appears to have taken place with regard 
to the gas detecting apparatus that was shown at the last meeting. 
'The apparatus is not the Sussman Company's apparatus ; it is a patent 
of Mr. Prested's. It acts on a totally ditferent principle. The Sussman 
apparatus acts on the well-known principle of the impingement of the 
light carburetted hydrogen gas upon finely divided platinum or 
paladium causing heat, which expands a column of mercury, making 
an electric contact. Тһе Prested apparatus acts upon the equally well- 
known principle of the diffusion of gases. A certain. quantity of the 
ordinary atmosphere of the mines is enclosed in a porous chamber, and 
when the light carburetted hvdrogen gas rushes in it works а contact, 
closing an clectrical circuit which sets the lamp alight. I hope I have 
made that clear. Professor Foster made one or two remarks which I 
will deal with very briefly. I quite agree with him that if coal-cutting 
machines were universally applied—as they will have to be, I fecl con- 
fident, if this country is to hold its own with America and the Continent 
—the man, instead of having to spend his eight hours in a confined posi- 
tion using the whole of his muscular effort, will merely have to attend 
to a machine, and will then possibly not mind carrying into his working 
place a pound or two more in the shape of his lamp, and I hope that will 
come about. Then Professor Foster objected to my statement as to the 
locking of the safety lamps. Roughly there are three forms ot locks in 
use in the present forms of safety lamps. One is practically no lock at 
all; it is merely a set screw. Another is the lead rivet which Professor 
Foster referred to, which is stamped in the lamp-room, and which а 
man can open if he likes, but he is afraid to do so because he is afraid 
of the police court afterwards. If a man did open his lamp and ап 
explosion followed, the police court would not be of much service to 
anybody afterwards. I am assured by an experienced colliery manager 
also that the rivet can be worked with a penknife so as to be opened 
without showing it. Then the other one, and the most successful, is 
the magnetic lock. A small iron plunger fits into a recess made for it, 
and it is kept there by a spring, and can only be withdrawn by a 
magnet. That is not perfect, but it is the best of the lot. The point 
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that I wanted to make in mv paper, and the point I wish to make now, Мг. Walke 
is that all of these сап be opened. А magnetic lock is the most difficult 
to open, but even it can be opened, and if it is opened, and if any lamp 
is opened, the consequences may be disastrous. On the other hand, if 
a miner opens the electric lamp the onlv thing he does is to put his 
light out. The difference is the same as between the man who has 
matches in his pocket and the man who has not. If a man has matches 
in his pocket he mav use them ; if he has not matches in his pocket he 
cannot. Then Professor Foster also mentioned the point of carbonic 
oxide. Не said that carbonic oxide was опіу found where there was 
combustion. I thought I had made it clear that you always have 
carbonic oxide after an explosion. When you have an explosion you 
also have following the explosion, sometimes as the cause of the explo- 
sion, the ignition of a large quantity of coal-dust which is lving about 
the minc. You do not have perfect combustion with the coal-dust, but 
the first stage of combustion, the combination of the one atom of 
oxvgen with the one atom of carbon, and vou have this deadly carbonic 
oxide formed. The first thing which happens after an explosion is that 
an exploring partv goes into the mine and endeavours to rescue who- 
ever mav be left alive, and it is of the very utmost importance not only 
that carbonic acid shall be found, which the ordinary lamp will indicate 
by going out, but also that carbonic oxide shall be indicated, and there 
is no mining lamp at present which indicates carbonic oxide, so that 
the exploring party may be in carbonic oxide and not know it, and may 
be getting a deadly dose of it. It appears to me that a gas detecting 
apparatus which will also show carbonic oxide, whether it is attached 
to an electric lamp or whether it is taken independently, will be of 
immense service after an explosion. I think those remarks also deal 
with what Mr. Atkinson, the Inspector of Mines, stated. Mr. Mitcheson 
objected to my statement as to the cost of the upkeep of the Sussman 
lamp. Iam in the position since the last meeting of being able to put 
corroborative evidence before the present meeting. Since the last 
meeting of this Institution, Mr. Wood, the manager of the South Hetton 
Coal Company, where the Sussman lamps are in use, has read a paper 
before the Institute of Mining Engineers, and he gives some figures. 1 
think his figures are not exact, because he, gives them in pence per 
week. He gives the cost of the upkcep of the battery as one penny 
per week, evidently an estimate, but he brings out the total result to 
482 pence per week. Му calculation showed that for 600 lamps the 
cost was 78 pence рег week, and if the same attendants could run a 
thousand lamps, which they probably could, the cost came down to 
65 pence per мсек. І also stated that those figures were on the 
supposition that the colliery bought the batteries here in London. If 
they made the batteries, naturally the cost would come down, and Mr. 
Wood is making his batteries, so I take it that he practically confirms 
my figures. Mr. Mitcheson, as he stated, has only just begun to use the 
Sussman lamp ; possibly when he comes to renewals he will alter his 
figures. Mr. Hall, Inspector of Mines, wrote challenging, as I under- 
stood it, electrical engineers to produce a lamp which would be 
carried оп the cap. Му view of that is that the suggestion is а remark- 
VOL. XXX. 58 
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a rapid acceleration of the tubs from rest, and the usual interlocked 
switch lever for reversing and varying speed by resistance in the rotor 
circuit answers exceedingly well for this kind of work. 

Мг. W. В. Sayers (communicated): I was greatly interested in Mr. 
Ravenshaw's paper and in the discussion which followed it. With 
regard to the paragraphs on “Switch Gear for Motors" and “ Motor 
Starting Switches,” Mr. Kapp anticipated me by inquiring why Mr. 
Ravenshaw docs not use the method of connecting up a starting resist- 
ance in which the armature, shunt coils, and starting resistance are 
coupled up in series forming a closed circuit, and which obviates any 
difficulty from inductive effects of the shunt, both as regards sparking 
and danger to insulation. I am constantly meeting with cases where 
other arrangements have been adopted and have given trouble, and in- 
variably change them to the one described with perfectly satisfactory 
results. 

One very important point in favour of it is that a broken connection 
immediately asserts itself, whereas a break in a non-inductive resistance 
connected in parallel with the shunt may remain undiscovered or may 
be neglected until damage has been done. Liquid resistances, as 
made, give trouble in my experience owing to steam, and salt or soda 
crystals, destroying the insulation ; but assuming that a satisfactory 
design could be made, it is a serious disadvantage that in the case 
of shunt motors the closed circuit method of connecting with starting 
resistance cannot be used. 

As regards the use of a non-inductive resistance in parallel with 
series coils, I would point out that if anything like the same propor- 
tions were adopted as Mr. Ravenshaw recommends for shunt coils, 
nanicly, that the resistance should be equal to twice that of the coils, 
there would be serious interference with the characteristic of the motor 
unless the coils were designed to be shunted with such a resistance. 

The waste of energy which would result with a resistance coupled 
permanently in parallel with the series coils is, I think, not warranted ; 
either the resistance should be coupled in by the switch just before 
breaking circuit, or the switch contacts and length of break, and the 
insulation of the coils should be designed to stand the extra sparking 
and stresses. The extra stresses on insulation are, of course, small in 
the case of a series coil when compared with those caused by the 
breaking of a shunt circuit. I agrec with Mr. Ravenshaw that it is 
better to have starting resistances large enough to be used for regulating 
purposes without danger. Тһе difficulties with liquid resistances are, 
of course, greatly increased when they are used in this wav, owing to 
the steam generated. 

With regard to the use of compound motors I do not follow Мг. 
Ravenshaw's argument; if the shunt winding of a motor has been 
properly designed, the motor will run a little slow when started up 
cold, and will gradually creep up to its normal speed as the shunt 
heats ар. If the shunt gets too hot there may be worse results than 
the mere increase of speed of the motor. The objections to com- 
pounding where it can be avoided are increase of cost and the 
necessity of using finer wire on the shunt than would otherwise be 
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required. The change of speed with heating will take place even 
in а compound motor, though to a slightly less extent than in а 
simple shunt motor; and it mav be avoided where objectionable 
by having a rheostat in the shunt circuit which is cut out as the 
temperature of shunt rises. 

As regards the use of Gramme winding for armatures, and referring 
specially to the remarks of Mr. Hollidav, it is casv to understand that 
mining engineers should prefer an armature in which thev can readily 
cut out a faulty coil and start to work again without much loss of time, 
so long as their experience warrants them in holding the view that 
electric motors must be subject to such faults at comparatively fre- 
quent intervals. 

But this view is not warranted if the best class of drum armatures 
with barrel end windings are considered; this type of armature is 
susceptible of far better mechanical design than а Gramme-wound 
armature, and the breakage of commutator connections and occasional 
short-circuiting of coils is a thing of the past as regards such arma- 
tures. 

I was lately called in to report on the cause of failures to a number 
of motors in use on electric cranes in a stone quarry. The armatures 
in four motors had each of them one or more coils cut out of circuit, 
and the commutator sectors bridged in the manner referred to by Mr. 
Holliday. Тһе owners of the quarry objected strongly to the necessity 
for making such repairs, and I entirely agreed with them, and гесот- 
mended that the motors should be fitted with drum armatures of an 
improved mechanical design; and from other expericnce I have no 
doubt that although the strain to which the armatures referred is сх- 
ceptionally severe, owing to the nature of the work they have to do, that 
the change will be a complete remedy. | 

Where there are а number of motors of the same size and {уре with 
interchangeable armatures the provision of one spare armature is usually 
sufficient to avoid risk of serious interruption to the work in case of 
anvthing going wrong. 

Mr. А. T. SNELL (commmunicaled) : The applications of electricity to 
coal-mines are chiefly interesting to the colliery engineer апа those 
engaged in the design and supply of special machinery. The subject 
Is studied but little by electrical engineers іп general, апа hence 
probably the rarity of occasions оп which papers bearing thereon 
are rcad before the Institution of Electrical Engineers. Mr. Н. Raven- 
shaw is to be congratulated on his brief but suggestive paper. No one 
is better qualified by past experience and present practice to deal with 
the whole question, and his résumé of work done and progress made 

during the past ten years is specially opportune and valuable. 

As one of the first workers in the same field, since my first сх- 
perience dates back to the cighties, it is particularly interesting to 
compare results with my able friend. Looking casually through the 

second edition of “Electric Motive Power," and comparing point for 
point with Mr. Ravenshaw's paper, I am much pleased to find how 
closely our general conclusions agree. Indeed, it would appear that 
the lines on which electric power with continuous current is most 
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safely and economically applied to coal-mining have reached a fairly 
defined state. Improvements in details аге of course possible and 
desirable all along the line, but no colliery proprietor need now 
hesitate to sink capital in electric power because the special plant is 
immature or untried. 

Electric lighting for pit bank and shaft bottom is now the rule. 
Pumps, both main and dip, are frequently worked electrically, and 
the advantages of electric haulage are becoming more and more 
apparent. Electric coal-cutting has also received a marked impetus 
during the last few years, Messrs. J. Davis & Son and Messrs. Clarke, 
Stevenson & Co. being especially successful with their respective 
plants. As for cables, I agree with the author as to the good qualities 
of Messrs. Callenders armoured vulcanised bituminous cables for 
shaft and other exposed positions. I join issue, however, respecting 
the authors preference for drum armatures. I have found gramme 
rings to give less trouble from “burning out” and to be more readily 
repaired гл situ, which is a most important matter in colliery work. 

The slow introduction of polyphase machinery into British mines 
requires explanation. That it is not due to inherent defects or unsuit- 
ableness in the special plant I am fully convinced, and I repeat here 
what I stated eight years ago, that! “the future of electric work in 
mines lics with the polyphase systems.” 

The author says he has not applicd multiphase motors in mining 
work, presumably from necessity and not from choice. It is only 
during the last few years that this type of motor has Бесп manufactured 
in England, and thus given confidence to those responsible for their 
recommendation. Now, the General Electric Company have supplicd 
from their Manchester works an “all British” three-phase coal-cutter 
to one of Messrs. Pope & Pearson's pits, and Messrs. J. Davis & Son 
have a three-phase pumping plant (of American design, I believe) at 
Ackton Hall Colliery. Both of these, I am informed by Mr. H. D. 
Wilkinson, who inspected them last month, arc doing excellent work. 
These small ventures represent, I hope, a new departure, and are the 
heralds of an extensive application of polyphase motors. 

I am in sympathy with the author as to the amount of bad or 
unsuitable work to be found in colliery installations. Indeed, it says 
much for the “high order of intelligence found among those іп 
responsible positions in collieries,” but more for the safety of electric 
power, that so much has been successfully accomplished. І look for 
rapid progress in the near future. 

Mr. Sydney Е. Walker's paper on miners’ electric safety lamps 
raises an important issue with which I have had no recent experience. 
Personally I tried in the early nineties most of the hand-lamps then 
exploited, but found all to be either heavy, weak in mechanical details, 
or difficult to charge quickly and completely, and all too costly in 
upkeep. The author does not appear to offer any definite solution of 
the problem, although he indicates the lines on which he thinks a 
suitable lamp might be evolved with a primary battery. My own 
experience with primary batteries has not been a happy one, and I do 

* Electric Motive Power, Second Edition, p. 337. 
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not look for much from them. The subject is an important onc, and 
deserves more attention than it has perhaps received. 

Mr. M. O'GoRMAN (communicated) : 'There are several points of 
detail in Mr. Ravenshaw's paper which call for remark. He points out 
certain primitive methods in use in mines, and it is certainly to be 
hoped that no legislation will be put in force. against these primitive 
methods which are the pioneers of sound engineering. Тһе Workmen's 
Compensation Act alone is sufficient to make employers keenly alive 
to the importance of adequate safeguards. 

Only experiment would have shown that bare bell-wires would not 
ignite explosive gases when the ringing is effected by simply pinching 
two wires together at any point. The reason is probably that the spark 
is extinct before the wires are distant by an amount equal to the mesh 
ofasafety lamp. I believe Professor Thompson found that the slight 
sparks on the commutator of a good motor did not ignite the раз. It 
would be interesting to know if he tried this experiment with carbon 
brushes, because with these the skin resistance is less, and although the 
spark may be very minute, it is probably longer and more full of 
incandescent solids than the spark between two pieces of copper. 

It would have been interesting if detailed experiments of electrically 
driven winding engines had formed part of the paper, because these 
аге comparatively unknown, and the reasonable certainty of their 
Satisfactory operation is most important for central power distributions 
to collieries. 

Mr. Ravenshaw's testimony in favour of bitumen cables is note- 
worthy. Presumably they are cheaper than rubber and lighter than 
lead-covered. But this by no means settles the matter, witness Mr. 
Holliday's most interesting communication on the use of lightly insulated, 
unarmoured slung cables. I cannot but think that if insulated cables 
are to be used, concentrics are better, cheaper, and equally reliable ; 
leakage usually occurs from the outer and gives warning of a fault 
which might stop the work. In wet places they do not suffer from 
porosity of the negative, and they take up less room in the downcast 
shaft. I have laid and jointed lcad-covered concentrics with complete 
satisfaction, so that the above is not a purely speculative statement. 
In every shaft temperature variations cause considerable difficulties 
with cables, and it is not always possible to use the downcast shaft. 
With fibre cables the dielectric flows downwards, and the fibre of the 
cable gets dry at the top. Each increase of temperature causes an 
expansion of the impregnating fluid to occur downwards. Іп practice 
almost complete dryness of portions of the cable seems to do no harm 
whatever for pressures up to 500 volts, except when the dry portion has 
to be cut for jointing or repairs. И is then exceptionally hydroscopic, 
and water may get in at the upper end and flow right down the cable, 
ruining the whole of it. 

If after five or six years Mr. Ravenshaw finds that there is no viscous 
or other flow "of bitumen, it certainly has an advantage in this matter ; 
but the use of single cables individually armoured must increase the 
self-induction of the circuit, and therefore aggravate the viciousness of 
sparking. Тһе use of steel tubes such as simplex, unless it be made 
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safely and economically applied to coal-mining have reached a fairly 
defined state. Improvements in details are of course possible and 
desirable all along the line, but no colliery proprietor need now 
hesitate to sink capital in electric power because the special plant is 
immature or untried. 

Electric lighting for pit bank and shaft bottom is now the rule. 
Pumps, both main and dip, are frequently worked electrically, and 
the advantages of electric haulage are becoming more and more 
apparent. Electric coal-cutting has also received a marked impetus 
during the last few years, Messrs. J. Davis & Son and Messrs, Clarke, 
Stevenson & Co. being especially successful with their respective 
plants. As for cables, I agree with the author as to the good qualities 
of Messrs. Callender's armoured vulcanised bituminous cables for 
shaft and other exposed positions. I join issue, however, respecting 
the authors preference for drum armatures. I have found gramme 
rings to give less trouble from “burning out" and to be more readily 
repaired іл situ, which is a most important matter in colliery work. 

The slow introduction of polyphase machinery into British mines 
requires explanation. That it is not due to inherent defects or unsuit- 


 ableness in the special plant I am fully convinced, and I repeat here 


what I stated eight years ago, аё! “the future of electric work in 
mines lies with the polyphase systems.” 

The author says he has not applied multiphase motors in mining 
work, presumably from necessity and not from choice. It is only 
during the last few years that this type of motor has been manufactured 
in England, and thus given confidence to those responsible for their 
recommendation. Now, the General Electric Company have supplied 
from their Manchester works an “аП British" three-phase coal-cutter 
to one of Messrs. Pope & Pearson's pits, and Messrs. J. Davis & Son 
have a three-phase pumping plant (of American design, I believe) at 
Ackton Hall Colliery. Both of these, I am informed by Mr. H. D. 
Wilkinson, who inspected them last month, are doing excellent work. 
'These small ventures represent, I hope, a new departure, and are the 
heralds of an extensive application of polyphase motors. 

I am in svmpathy with the author as to thc amount of bad or 
unsuitable work to be found in colliery installations. Indeed, it says 
much for the “high order of intelligence found among those in 
responsible positions in collieries,” but more for the safety of electric 
power, that so much has been successfully accomplished. I look for 
rapid progress in the near future. 

Mr. Sydney Е. Walker’s paper on miners’ electric safety lamps 
raises an important issue with which I have had no recent experience. 
Personally I tried in the early nineties most of the hand-lamps then 
exploited, but found all to be either heavy, weak in mechanical details, 
or difficult to charge quickly and completely, and all too costly in 
upkeep. The author does not appear to offer any definite solution of 
the problem, although he indicates the lines on which he thinks a 
suitable lamp might be evolved with a primary battery. My own 
experience with primary batteries has not been a happy one, and I do 
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not look for much from them. The subject is an important one, and 
deserves more attention than it has perhaps received. 

Mr. M. O'GoRMaN (communicated): There are several points of 
detail in Mr. Ravenshaw's paper which call for remark. Не points out 
certain primitive methods in use in mines, and it is certainly to be 
hoped that no legislation will be put in force. against these primitive 
methods which are the pioneers of sound engineering. Тһе Workmen's 
Compensation Act alone is sufficient to make employers keenly alive 
to the importance of adequate safeguards. 

Only experiment would have shown that bare bell-wires would not 
ignite explosive gases when the ringing is effected by simply pinching 
two wires together at any point. Тһе reason is probably that the spark 
is extinct before the wires are distant by an amount equal to the mesh 
of a safety lamp. I believe Professor Thompson found that the slight 
sparks on the commutator of а good motor did not ignite the gas. It 
would be interesting to know if he tried this experiment with carbon 
brushes, because with these the skin resistance is less, and although the 
spark may be very minute, it is probably longer and more full of 
incandescent solids than the spark between two pieces of copper. 

It would have been interesting if detailed experiments of electrically 
driven winding engines had formed part of the paper, because these 
are comparatively unknown, and the reasonable certainty of their 
satisfactory operation is most important for central power distributions 
to collieries. 

Mr. Ravenshaw's testimony in favour of bitumen cables is note- 
worthy. Presumably they are cheaper than rubber and lighter than 
lead-covered. But this by no means settles the matter, witness Mr. 
Holliday’s most interesting communication on the use of lightly insulated, 
unarmoured slung cables. I cannot but think that if insulated cables 
are to be used, concentrics are better, cheaper, and equally reliable ; 
leakage usually occurs from the outer and gives warning of a fault 
which might stop the work. In wet places they do not suffer from 
porosity of the negative, and they take up less room in the downcast 
shaft. I have laid and jointed lead-covered concentrics with complete 
satisfaction, so that the above is not a purely speculative statement. 
In every shaft temperature variations cause considerable difficulties 
with cables, and it is not always possible to use the downcast shaft. 
With fibre cables the dielectric flows downwards, and the fibre of the 
cable gets dry at the top. Each increase of temperature causes an 
expansion of the impregnating fluid to occur downwards. Іп practice 
almost complete dryness of portions of the cable seems to do no harm 
whatever for pressures up to 500 volts, except when the dry portion has 
to be cut for jointing or repairs. It is then exceptionally hydroscopic, 
and water may get in at the upper end and flow right down the cable, 
ruining the whole of it. 

If after five or six years Mr. Ravenshaw finds that there is no viscous 
or other flow^of bitumen, it certainly has an advantage in this matter ; 
but the use of single cables individually armoured must increase the 
self-induction of the circuit, and therefore aggravate the viciousness of 
sparking. Тһе use of steel tubes such as simplex, unless it be made 
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electrically continuous, is, I think, not advisable, in spite of Mr. Raven- 
shaw’s favourable verdict. The supports of the simplex under ground 
are liable to move, and if the tubing has at any terminal become con- 
nected to either pole, the likelihood of a spark between two lengths 
of tube is considerable, and this spark may occur although the insulation 
of both poles to earth is perfectly good, because the enamel on the 
tubing at the point of support frequently gives it an apparently 
satisfactory insulation. 

The Prestpent: I will ask Mr. Ravenshaw and Mr. Walker to give 
their replies at the next meeting. 


The PhEsiDENT announced that the scrutincers reported the follow- 
ing candidates to have been duly elected :— 
Associate Members: 
Arthur George Cooke, М.А. | Herrmann Oskar Eurich. 


William Thomas Leeming. 


Associates : 


John Daniel Dyson. Albert Edward Loos. 

Richard John Montague Holmes. ; Arthur Norris Robinson. 

Albert Henry Hunt. Samucl Robinson. 

William Richard Kelsey. | Oscar Fridolf Alexander Sandberg. 
Students : 

Richard Charles Caldbeck. Charles William Dilks Peel. 

John Ridge Hewett. George Wigram Stewart. 

Robert Valentine Kemp. | Hans Miiller Stich. 


James Percy Winn. 
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The Three Hundred and Sixty-third. Ordinary General 
Meeting was held at the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday evening, 
April 18th, 1901, Professor JOHN PERRY, F.R.S., Presi- 
dent, in the chair. 


The minutes of the Ordinary General Meeting held on 
Thursday, March 28th, were read and confirmed. 


The names of new candidates for election were 
announced, and it was ordered that they should be 
suspended in the Library. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Members— 
John Powell Edwards. | Alexander S. Garfield. 


From the class of Associates to that of Associate 
Members— 


William D. Duddell. 


From the class of Students to that of Associates— 


Arthur B. H. Cope. | Alfred S. Esslemont. 
John F. Henderson. 


Messrs. |. S. Fairfax and E. A. Howell were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Library and to the Building Fund 
were announced as having been received since the last 
meeting :—To the Library, from D. Van Nostrand Company, 
Mr. C. H. Wordingham, Member ; to the Building Fund, 
from Messrs. W. В. Rawlings, E. M. Malek, Herbert Nash, 
A.G. Seaman, Hans Stich, J. Grant, W. R. Wynne, H. J. 
Gridley, and Е. О. Hunt, to whom the thanks of the mceting 
were duly accorded. 


The PRESIDENT announced that the Council of the 
Society of Arts had arranged for a course of “ Howard” 
Lectures, on Polyphase Electric Working, by Mr. А. С. 
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Eborall, and had kindly placed a certain number of tickets 
for the course at the disposal of the Institution. He further 
stated that these tickets would be issued to members in the 
order of application. 


REPLIES TO THE DISCUSSION ON THE PAPERS ENTITLED: 
“ Electrical Miners’ Safety Lamps,” by S. F. Walker, Member. 


“Some Notes оп the Electrical Transmission of Power in Coal Mines,” 
by Н. И’. Ravenshaw. 


Mr. S. Е. WALKER, in reply, said : Mr. President and Gentlemen— 
I am in the pleasing position of having very little to reply to. Му 
remarks apparently met the approval in the main of those gentlemen 
who were kind enough to take part in the discussion. Iam asked to 
correct a misapprehension that appears to have taken place with regard 
to the gas detecting apparatus that was shown at the last meeting. 
The apparatus is not the Sussman Company's apparatus ; it is a patent 
of Mr. Prested's. It acts on a totally different principle. The Sussman 
apparatus acts on the well-known principle of the impingement of the 
light carburetted hydrogen gas upon finely divided platinum ог 
paladium causing heat, which expands a column of mercury, making 
an electric contact. Тһе Prested apparatus acts upon the equally well- 
known principle of the diffusion of gases. A certain quantity of the 
ordinary atmosphere of the mines is enclosed iu a porous chamber, and 
when the light carburetted hydrogen gas rushes in it works a contact, 
closing an electrical circuit which sets the lamp alight. I hope I have 
made that clear. Professor Foster made one or two remarks which I 
will deal with very briefly. I quite agree with him that if coal-cutting 
machines were universally applied—as they will have to be, I fecl con- 
fident, if this country is to hold its own with America and the Continent 
—the man, instead of having to spend his eight hours in a confined posi- 
tion using the whole of his muscular effort, will merely have to attend 
to a machine, and will then possibly not mind carrying into his working 
place a pound or two more in the shape of his lamp, and I hope that will 
come about. Then Professor Foster objected to my statement as to the 
locking of the safety lamps. Roughly there are three forms of locks in 
use in the present forms of safety lamps. Onc is practically no lock at 
all ; it is merely a set screw. Another is the lead rivet which Professor 
Foster referred to, which is stamped in the lamp-room, and which a 
man can open if he likes, but he is afraid to do so because he is afraid 
of the police court afterwards. If a man did open his lamp and an 
explosion followed, the police court would not be of much service to 
anybody afterwards. I am assured by an experienced colliery manager 
also that the rivet can be worked with a penknife so as to be opened 
without showing it. Then the other one, and the most successful, is 
the magnetic lock. А small iron plunger fits into a recess made for it, 
and it is kept there by a spring, and can only be withdrawn Бу a 
magnet, That 15 not perfect, but it is the best of the lot. The point 
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that I wanted to make іп пу paper, апа the point I wish to make now, 
is that all of these can be opened. A magnetic lock is the most difficult 
to open, but even it can be opened, and if it is opened, and if any lamp 
is opened, the consequences may be disastrous. On the other hand, if 
a miner opens the electric lamp the only thing he does is to put his 
light out. The difference is the same as between the man who has 
matches in his pocket and the man who has not. If a man has matches 
in his pocket he may use them ; if he has not matches in his pocket he 
cannot. Then Professor Foster also mentioned the point of carbonic 
oxide. He said that carbonic oxide was only found where there was 
combustion. I thought I had made it clear that you always have 
carbonic oxide after an explosion. When you have an explosion you 
also have following the explosion, sometimes as the cause of the схріо- 
sion, the ignition of a large quantity of coal-dust which is lving about 
the mine. You do not have perfect combustion with the coal-dust, but 
the first stage of combustion, the combination of the one atom of 
oxvgen with the one atom of carbon, and you have this deadly carbonic 
oxide formed. The first thing which happens after an explosion is that 
an exploring party goes into the mine and endeavours to rescue who- 
ever may be left alive, and it is of the very utmost importance not only 
that carbonic acid shall be found, which the ordinary lamp will indicate 
by going out, but also that carbonic oxide shall be indicated, and there 
is no mining lamp at present which indicates carbonic oxide, so that 
the exploring party may be in carbonic oxide and not know it, and may 
be getting a deadly dose of it. It appears to me that a gas detecting 
apparatus which will also show carbonic oxide, whether it is attached 
to an electric lamp or whether it is taken independently, will be of 
immense service after an explosion. I think those remarks also deal 
with what Mr. Atkinson, the Inspector of Mines, stated. Mr. Mitcheson 
objected to my statement as to the cost of {һе upkeep of the Sussman 
lamp. Iam in the position since the last meeting of being able to put 
corroborative evidence before the present meeting. Since the last 
meeting of this Institution, Mr. Wood, the manager of the South Hetton 
Coal Company, where the Sussman lamps are in use, has read a paper 
beforc the Institute of Mining Engineers, and he gives some figures. I 
think his figures are not exact, because һе gives them in pence per 
week. He gives the cost of the upkeep of the battery as one penny 
per weck, evidently an estimate, but he brings out the total result to 
4°82 pence per week. My calculation showed that for 600 lamps the 
cost was 7:8 pence per week, and if the same attendants could runa 
thousand lamps, which they probably could, the cost came down to 
6'5 pence per week. І also stated that those figures were оп the 
supposition that the colliery bought the batteries here in London. If 
they made the batteries, naturally the cost would come down, and Mr. 
Wood is making his batteries, so I take it that he practically confirms 
пау figures. Mr. Mitcheson, as he stated, has only just begun to use the 
Sussman lamp ; possibly when he comes to renewals he will alter his 
figures. Mr. Hall, Inspector of Mines, wrote challenging, as I under- 
stood it, electrical engineers to produce a lamp which would be 
carried on the cap. Му view of that is that the suggestion is a remark- 
VOL. XXX. 58 . 
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ably good one. If mining engineers are prepared to accept a lamp 
which the miner can carry in his cap or in his buttonhole or in his 
hand, to be run by a battery which you can strap across the shoulders 
or round the body, or anywhere you like, half the difficulties disappear ; 
the problem is practically solved, іп my opinion. You can do almost 
what you like nowadays with а battery which you can strap round a 
man's body. ‘There are batteries now being used for the electrical 
ignition of the charge in the petrol engines of auto-cars which 
practically do all that уоп would want in the matter of the clectrical 
lamp. They are a little bit larger than you want there, but the thing 
could be done ; at any rate that is the view I take of it. If the working 
collier and the mining engineer are prepared to accept a lamp like that, 
they can have it to-morrow. 

Мг. H. W. RAVENSHAW : I propose to take the various points that 
were raised as they were taken in the paper—the engines, the cables, 
and the motors, and so forth. Mr. Barnes asked a question about the 
use of winding engines for driving the dynamos. I meant, of course, 
that they were old winding engines ; they were not used for winding 
but for driving dynamos. Mr.le Neve Foster and Mr. Mitcheson spoke 
about the question of various things falling down the shaft. I tried to 
perpetrate a small joke by saying that corves were in the habit of fall- 
ing down the shafts, and it seems to have hit most of the colliery 
gentlemen that were here, because they all said that corves do not fall 
down the shaft. I have known several instances where they have done 
so. Curiously enough, I was at a colliery yesterday where the manager 
told me that only a fortnight ago two corves had been pushed into the 
shaft on a Sunday, one on the top of each cage, by some malicious 
persons. Тһе cages were smashed, the pit stopped for four or five 
days. Of course, a corve weighing two or three сул. falling down 500 
or 600 yards does a great deal of damage. I have never known any 
cables to be actually cut through, although I have known them to be 
knocked about a good deal. It was asked how the cables were 
generally protected. In timbered shafts it is very easy. One puts 
them at the back of the cross timbers where they are not likely to be 
injured. In a case where there are no timbers, it is advisable to put them 
down at the side of the cages. А corve cannot fall right out of the cage, 
but it will sometimes come partly out and hit against the side of the 
shaft. The cable, of coursc, should never be put where corves will hit 
the side. I know of one big colliery where they wind at the rate of 
45 miles an hour, and you can see the marks on the side of the shaft 
where the corves sometimes hit. With regard to putting the cables in 
the shaft, I take the drum wherever it is possible—you cannot always 
do it—down to the bottom of the shaft, and then fasten the cable on to 
the cage, and wind up. Itisa very quick matter. I have put cables 
in on a Saturday afternoon, and the whole thing has been completed 
and working in a very few hours. Where еге is timbering and the 
cable has to come behind the timbering, you lower a wire rope down 
at the back of the timbers and bring the cable up in the same way, but 
of course you cannot use the cage. The plan that I have always 
adopted—and I think it is the best plan—of fastening the cables up, is 
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to make some very big cleats. Тһе Callender Cable Company devised 
this method, and I have never had any trouble with it, You get two 
thick planks and cut two grooves into them. You then put some bolts 
through and cramp the two planks together with the cables longitudi- 
nally in between them, so that you get a cleat something like 6 feet 
long or more. These cleats are put at about every 100 yards in the 
shaft, and hang from hooks with a tensioning arrangement. That ts, 
of course, with an armoured cable, I have always used armoured cable 
for the last seven or eight years. I think it was Mr. Mitcheson who 
said that the cables could be jointed in the shaft. I never have done 
that. The deepest shaft I have worked in is 600 yards, and you can 
easily get cables of that length. Mr. Holiday’s arrangement of cables 
where he uses а plain conductor with merely a braiding on is very 
interesting. He suspends the cable by an insulator at the top ; he has 
another insulator at the bottom and leaves the whole боо yards loose. 
He tensions the cable just like he would do a rope guide. That is а 
very good plan, I daresay, but we must remember that Mr. Holiday is 
ап electrical expert and is constantly in touch with that particular 
colliery. Where the ordinary people of the colliery work the thing, I 
do not think that his system of cables would be very suitable. 

Mr. Mitcheson asked whether I found any corrosion of the cleats 
where they cramped on to the iron. I have not found any corrosion. 
Mr. Peak mentioned the question of soldering joints. I have never 
known of a pit where we were allowed to do any soldering at all. 
Mr. Kapp and Mr. Sayers took exception to the non-inductive resistance 
which I said I had used. They said that it was an extremely wastcful 
thing to do. I had some shunt motors the other day which only took 
one half of one per cent. in the shunt coils As a rule, you can get 
them absorbing from that to 14 per cent. Тһе resistance I generally 
use is about equal to the shunt. After all, you are only losing а 
very small percentage. Тһе great point that Mr. Kapp and Mr. Sayers 
did not seem to see was that if you connect the resistance permanently 
and fix it so that it cannot come undone, you may break the shunt with- 
out getting a tremendous flash. Very big motors are often used, and it 
makes an enormous flash if you get a 500-volt shunt broken. The 
switch-gear is often right away from the motors ; sometimes 15 ог 20 feet 
in haulage plants, as the man has to be where he can see the trains 
coming up. Тһе switch is not close to the motor, and if you carry а 
shunt wire from a big motor, or even a small one, it is very likely to get 
broken some time or other and disconnected, and then there is trouble. 
It is extremely disastrous to the motor to break the shunt, both from 
the question of the breakdown of the insulation and of igniting gas. 
Extreme economy does not have to be considered in a pit. People are 
always talking about 1 or 2 per cent., but the great thing is to get the 
work done. Electricity is so much more economical than most other 
methods of transmitting power that it really does not matter if you do 
lose 1 or 2 per cent, but you must not use an arrangement which is 
going to break down. I was very surprised to find that there was а 
good deal of discussion on the question of grammes v. drums. Several 
gentlemen said that they would not have a drum armature in the pit. 
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I said that I would not have a gramme armature in the pit. Like most 
electrical engineers, we contradicted each other flatly. I should like to 
point out that tramways do not as a rule use the gramme armatures, and 
that the modern barrel-wound drum armature is far superior to every- 
thing else that has ever been made in the way of continuous-current . 
machines, and particularly superior to a gramme. Мг. Holiday and 
various other gentlemen seem to have been unfortunate with their 
drums. I think they must have used the old-fashioned wire-wound 
drum with the wires crossed over the end. These are quite unsuitable 
for pit work. I designed some barrel-wound coal-cutting armatures 
some time ago, and I am told that one has never been known to break 
down. Mr. Kapp asked a question with reference to my remark that 
certain armatures were insulated with paper. Тһе conductors were 
insulated with cotton, but the whole of the cores were insulated with 
paper. Mr. Barnes said that he used a rope drive and belt drive for 
underground work, particularly in wet places. I can quite agree with 
him there. I have a number of motors all over the country under my 
charge which are driven with belts and ropes, and give entire satis- 
faction. Fora stationary hauling engine you can get very good result 
with belts, and it is a great advantage not to have the noise of gears 
down below. Mr. Barnes also raised the question of motors for the 
surface work, for working the screens and the various work that 
wasteful steam engines are generally used for. І did not go into that 
question because I was speaking of the work in the mines, but it is an 
extremely important one. Dynamo and motor builders have no idea 
what a field there will be, if they will only push them, for motors on the 
surface. Тһе amount of coal that is wasted in a colliery is enormous. 
I know опе colliery where they use 7o tons of coal a day, and Гат 
perfectly certain that they could save 40 or 50 tons. Mr. le Neve 
Foster mentioned the question of electric locomotives on the Continent. 
I only spoke of plants that I have known, and I have never seen electric 
locomotives in a pit. With regard to multiphase work, I have always 
been in the position that I have either wanted to regulate speed or to 
use gas engines, and wherever I have had an opportunity of using multi- 
phase work one of those points has cropped up, so that I have never 
used any in collieries. I think that if the multiphase people will 
produce motors which will have no slip-rings, and which would give a 
good starting torque, there is an immense field for them. There is a 
general feeling that when you come to use the slip-ring you are spoiling 
a really good thing. 

The PRESIDENT : I will ask you to give your thanks to Mr. Walker 
and Mr. Ravenshaw for the papers which they have read. 

The vote was carried by acclamation. 
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ON TEST-ROOM METHODS OF ALTERNATE 
CURRENT MEASUREMENT. 


By ALBERT CAMPBELL, B.A., Associate Member. 


The object of this paper is to describe a number of 
methods of measurement, some of which are capable of 
furly general application, while others are only of use in 
special cases. Many of these methods are novel, I believe, 
and most of the others are not well known. Owing to the 
nature of the subject it is not possible to connect the whole 
into a coherent sequence, but for convenience of reference 
] have numbered the methods consecutively. 

SECTION A. Transformer Methods of Measuring Current, 
Voltage, апа Рошек.-іп the test-room there is no special 
difhculty in measuring either currents or voltages of 
ordinary magnitudes; with continuous currents the use of 
moving-coil instruments renders the measurement of very 
large or very small values easy and accurate. With alter- 
nating currents, however, the measurement of the extreme 
values is not so easy, and it is for this purpose that trans- 
former methods are specially valuable. Fig. т shows two 
typical methods. Іп the first method (which 15 fairly well 
known) C, the whole current to be measured goes through 
the primary coil of a transformer the secondary of which is 
connected to an ammeter А. Іп Method 2 the current 
passes through a low non-inductive resistance r; giving а 
small voltage drop V, which is transformed up so аз to give 
readings on the electrostatic voltmeter E. Ав to Method т, 
some years ago l investigated : the conditions by which the 
ratio of current transformation can be kept sufhciently 
constant and independent of frequency. I found that it 
was necessary to have :— 


(а) Ап air-core transformer or one with a well-closed 
tron circuit; 

(b) Relatively low resistance and high inductance in the 
secondary circuit. 


* Philosophical Magazine, p. 271, Sept. 1896. 
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Method 2.—1t is to Method 2, however, that I wish to 
draw special attention at present. Here the measuring 
instrument being electrostatic is unaffected by variations in 
frequency and, if of good type, has a. very high degree of 
accuracy. [Ша reflecting electrostatic voltmeter be set up 
in a fixed position and a scale for it (say, at 2 metres 
distance) be drawn by calibration with a potentiometer and 
direct current, an accuracy of at least 2 in 1,000 is attainable 
over a large part of the range. Іп most of the measure- 
ments in this part of the paper I have used such a volt- 
meter.] For currents from 5 amperes and upwards the 
resistance 7, should be so small that not more than o'5 or at 
most І volt is lost in it. 1f the voltmeter reads to about 120 
volts this necessitates a high transformation ratio, at least 
I : 100, in the transformer. То keep the voltmeter read- 


Method г. Method 2. 
FIG. I. 


ings proportional to the current I find it best to use а 
transformer with 


(a) A well-closed iron circuit ; 
(b) A highly inductive primary coil of very low resistance 
(1.е., large time-constant). 


It is difficult to thoroughly carry out condition (b) with- 
out employing a considerable weight of either iron or 
copper, but very fair accuracy may be attained with a quite 
small transformer, as the following instance will show. 
The core consisted of annular iron stampings of total 
weight about 1:5 kilos; the primary coil had roo turns of 
No. 16 wire, the secondary 10,000 turns of No. до; т had 
a resistance of 1 ohm and the resistance of the primary coil 
was o'107 ohm. Тһе divergences of the observed ratio 
У: C from the value то are shown in Table I. 
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TABLE I. 
Frequency. | Error 
A) persec. in Ratio. 

Per cent. 
39 EE. 
86 2200-08 


The primary current at т volt (86 (^J рег sec.) was 0°17 
ampere. By inserting known resistances in the primary 
circuit the curve іп Fig. 2 was obtained, and thus it was 
proved that these divergences are (practically) entirely due 
to the ohmic drop of volts in the primary. If such a 


Volts. 
5 


FIG. 2. 


oe is to be used on a circuit of nearly constant 
E 2. the ratio of the windings can be altered slightly 
ina e are an error almost negligible, or a few extra ends 
E 4. out to suit various frequencies. Perhaps 
и plan is to have a small range of adjustment on 
E e parallel wires forming the low resistance 71. 

КЕ possible, however, to compensate for changes of 

Cy by Method 2a, shown in Fig. 3. Here the 
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total current C, after passing through the small resistance т, 
passes through a turn or two on a very small compensating 
transformer 2, whose secondary is connected (reversed) in 
series with the secondary of T and the voltmeter. As the 
frequency is raised the transformer ¢ subtracts more and 
more from the voltmeter reading and thus compensation 
can be secured. 

The advantages of Method 2 are that with one voltmeter 
and a set of low resistances a very wide range of currents can 
be measured; also no disturbing inductance is introduced 
into the main circuit. 

It will be noticed that a transformer of high ratio like 
that described above gives a means of measuring small 
voltages with very small expenditure of current, but it is 


6 


FIG. 3. 


mainly to its use in conjunction with а low resistance that I 
would draw attention. 

Measurement of Power.—For the measurement of power 
(or energy) transformers are often of great assistance, and 
in several well-known types of watt-hour meter they are 
employed with success. Under this head I shall content 
myself with mentioning two methods (3 and 4) shown in 
Fig. 4, the first due to Mr. M. B. Field, and the second 
published recently by myself. In both of these a small 
resistance r is placed in series with the load, and S is a 
reversing switch. In Method 3 the voltage on the load 15 
transformed down and added and substracted from that on 
ғ, giving resultants P and Q, measured on a hot-wire volt- 
meter. In Method 4 the voltage drop on r is transformed 
up and the resultants P and О (similarly obtained) are 
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measured on an electrostatic voltmeter. For both methods 


where m is the ratio of the transformer. 

Method 3 can be used with fair accuracy to measure 
power with power factors down to o'1 or even lower. For 
this the resistance of the primary of the transformer must 
be made very small, so that the secondary voltage may be 
almost exactly in opposite power phase to the primary 
potential difference. (The small angular deficiency may be 
measured by Method 6 below.) For example, with 50 volts 
on the load and so volts from the transformer, a power 
factor of оёт would give P — Q 27 volts, i.e., the error of 


Method 4 


FIG. 4. 


reading could be below 2 per cent. even on a voltmeter 
reading to 100 volts. 

Method 5.—The 3-voltmeter method as usually employed 
has several disadvantages ; these are mainly due to the fact 
that, in order to get good readings, the auxiliary resistance 
must use up a considerable fraction of the total available 
voltage, and, what may be worse, tends to alter the wave- 
forms in the circuit. In the 2-voltmeter methods (3 and 4) 
this is avoided ; there is, however, a simpler modification of 
the 3-voltmeter method which also gets over the difficulty. 
This is shown in Fig. 5, where ғ is a relatively small 
, Tesistance, апа В a very high resistance in parallel with the 


load W. A convenient fraction (th) is picked off R by 
B, D and the three voltmeter method is applied to A, B, and 


* Мт. Addenbrooke uses a similar method in his electrostatic wattmeter. 
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D. Тһе result multiplied by п gives the power taken by 
W. Inanother modification the resistance R is put across 
both r and W, but a more complicated formula is then 
required. 

Method 6.—Measurement of Power Phase Differences close 
to 180°. | 

Let the effective voltages be V and X. (1) Let V be nearly 
equal to X, and let the small difference V —X be measured 
by an electrostatic voltmeter and a quick change-over key. | 
Then Q the small effective resultant of V and X is found 
either by a low-reading voltmeter or by the help of a phase 
turner, or a transformer of high ratio, and an ordinary 


ух 
7 
M A 
X 
FIG. 5. FIG. 6. 


range electrostatic voltmeter. Then, as will be seen from 
Fig. 6, 
М. 0° (УХ) 
Sin ф = xe -- 


(2) If V is not nearly equal to X let а high resistance be 
put across the greater (say V) and V' a fraction of it picked 
off as nearly as possible equal to X. У’ and X are then 
combined as in (1). [The transformer must not be used 
here for measuring Q.] 

[ have found the above method useful for measuring 
approximately the power lag between the primary and 
secondary (open) potential differences in transformers. 

In one case, for example, the lag was found to be (180°— 
o'159). Similarly the lag between two independent voltages 
very nearly in phase may be measured by reversing one of 
them and proceeding as above. | 
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SECTION B. The testing of Watt-hour Meters. 

l. Real. Non-inductive Loads. When sufficient power 
is available (at the proper frequency), the tests are usually 
easy, the chief difficulty sometimes being to find the gearing 
ratio between the quickest moving part and the dials, for 
some of the makers cannot be persuaded to mark this clearly 
оп the meter.: When the loads are above 2 or 3 kilowatts, 
special non-inductive resistances are desirable in addition to 
lamps. I have found that a very convenient and cheap type 
of resistance frame for this purpose consists of strips of 
copper-nickel each 1 cm. broad, 1 metre long, and capable 
of carrying 50 amperes. Аз the strips sag with the heat 
developed they are pulled taut by light springs which pull 
at the middle points of the strips. With such frames a 


Steady non-inductive load is easily obtained. Some meters 
4ГЕ зо much affected by inductance in the load that the 
Introduction even of a small Kelvin balance (to measure 
the current) is undesirable. The want of а non-inductive 
ammeter in this and other cases led me, seven or eight years 
480, to devise and make a thermal ammeter which, although 
1 exhibit it now only as a curiosity, has some points of 
Interest about it. It consists (Fig. 7) of aform of differential 
ar thermometer in which the bulbs are replaced at each 
side by thin-walled metal tubes T: and T; of small diameter 
(1 to 2 mm.); each of these is connected with a small 
aneroid chamber of extremely small internal volume. These 
Chambers act against one another, and their differential 
2. is magnified by ordinary aneroid mechanism as 
1. in the Figure. Тһе current to Бе measured is passed 
nes 8 the tube T, (or a set of tubes electrically іп parallel) 

Це the tube T, in the same enclosure acts as compensator. 


The Board of Trade might reasonably insist on this being done, I think. 
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The use of the thin hot tube acting as its own air chamber 
is to give the maximum quickness in attaining steady 
readings. To compensate for the decrease in the expan- 
sibility of the air as the temperature rises, the hot tube was 
made of a material having a considerable resistance-tem- 
perature coefficient. Such a hot-tube ammeter, though 
non-inductive, dead-beat, and low in resistance, was scarcely 
accurate enough for careful testing work, but I think the 
principle is worth recording here. 

H. Inductive Loads.—As several types of energy-meter 
suitable for measuring inductive loads are now in common 
use, it is often necessary to test with inductive loads going 
down to power factors of 0°6 to o'7. To use an ordinary 
Wattmeter as standard is objectionable, as its errors may be 


Fic. 8. 


as large as those of the watt-hour meter under test. 1 
have used the following method (7) for some years past and 
have found it convenient and accurate. 

Method 7.—This is shown in Fig. 8, in which M is the 
watt-hour meter under test. The load consists of a non- 
inductive resistance L in series (through mercury pools) 
with an inductive part consisting of a Kelvin balance and a 
set of copper coils (N) wound inductively. In order to be 
able to make sudden measurements of the resistance of this 
inductive-portion, mercury cups are so arranged that it can 
be quickly switched over into connection with a direct- 
current circuit and the resistance measured by reading 
current and P.D. on a Weston instrument. While the meter 
is running, the current C is read on the balance, and by the 
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help of the switch К the voltage V on L and the total 
voltage U are read on the electrostatic voltmeter Es. 
If r = mean resistance of the inductive part, then— 
| Power — CV 4 C?r, 
W 
and— Power factor — CÜ 
[n practice r is made as small as possible, so that a small 
error in C2r has a very small effect upon the value of W, 
while the CV part can be measured with extreme accuracy. 
The coils which make up N must have no iron near them, 
eddy currents must be avoided, and mutual induction must 
be guarded against except where two of the coils are iden- 
tical in winding, in which case their impedance in parallel 
can be conveniently varied by varying their relative positions. 
The method is also suitable for testing wattmeters. 
Method 8.—I have sometimes found it convenient to use 


FIG. 9. 


a somewhatidifferent method by which the measurement of 
resistance is rendered unnecessary. This consists simply in 
measuring w, the power іп the highly inductive part, by the 
3-voltmeter method (or by an ordinary wattmeter), the 
total power being CV + w. Since w can be made to be 
only a small part of the whole power, this is accurate enough 
and the coils N may here have iron cores. 

Ш. Fictztious Loads.—Unfortunately it very often happens 
that sufficient power (at the proper frequency) is not available 
x allow the meter to be tested with the actual loads at which 
с E to be used. И thus becomes necessary to arrange 
i: itious loads whose action on the watt-hour meter shall 
icy identical with that of the corresponding real 


Method 9.— When the source of supply can furnish the 
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current, but not at a voltage quite high enough for the load 
required, the well-known arrangement shown in Fig. 9 
may be used. Тһе shunt coil Sh is disconnected from the 
series coil Se, and is connected with a transformer Tr which 
raises the supply voltage v to a suitable value V. Тһе 
voltage v must be high enough to allow the series circuit 
(series coil, balance, and lamps) to be practically non- 
inductive. 

Method 10.—When a large current is required, a method 
which I have published recently will be found useful. In 
it the large current obtained at a low voltage passes through 
the Kelvin balance, the series coil of the meter, and a low 
non-inductive resistance ; a transformer of high ratio, with 
its primary across this low resistance, furnishes from its 
secondary the volts for the shunt circuit. 


с А ЫЕстігіттіті 
ГИШ ИШ 
те | 
(а) 
Кіс. 10. 


SECTION С. Thermopile Methods.—A well-known, but 
little used, way of measuring a current consists in pass- 
ing the current through a conductor near which are one 
set of junctions of a thermopile. With rightly chosen 
conditions, the deflections of the galvanometer connected 
with the pile are practically proportional to the square 
of the effective value of the current. In common with 
many other thermal methods, the action is dead-beat, 
but there is usually the accompanying disadvantage of 
sluggishness, the zero point not being regained instantly on 
switching off the current. By making the hot wire and 
the junctions extremely small, this sluggishness can be 
much reduced. І have tried a thermopile of iron and 
nickel wires of о’15 mm. (6 mils) diameter; from а de- 
flection of roo divisions (400 mm.) the light-spot, after 
the switching off of the current, returned to within 15 
divisions above zero іп 30 seconds, and was still o'g division 
from zero after 75 seconds. This is prompt enough for 
many purposes; and it is no difficult matter to braze the 


1901. | ALTERNATE CURRENT MEASUREMENT. 899 


junctions of such a thermopile. 1 have succeeded in brazing 
junctions of much thinner wire and gained considerably in 
promptness of working, but this gain scarcely repaid the 
extreme difficulty of construction. 

Method 10.—1 may mention here a somewhat interesting 
null method of measuring continuous current which I have 
tried ; itis shown in Fig. то. The current passes (wholly 
or in part) through the thin wire A and also through B, a 
strip or rod of very low resistance. The heating of А by 


Fic. 11.—Nickel-Wire Diam. 0'05 mm. (2 mils). 


the current causes the pile Th to give an E.M.F. e which is 
balanced against a part of the voltage-drop along B by 
moving the slider D until the deflection of the detector 
galvanometer G is brought to zero. Here e = k Сг and v = 
r C, ғ being the resistance of the fraction of B for which 
е = 1. 
Then ғ = & C, and hence the graduations of the scale of 
the slider are directly proportional to the current measured. 
SECTION D. On obtaining Steady Currents.—In accurate 
testing work it is of great advantage to be able to obtain 
very steady currents and voltages. Ву the help of an auto- 
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matic thermal arrangement І have succeeded in obtaining 
very exact regulation, even when the supply voltage is varied 
Бу то or 12 per cent. Тһе method depends upon the 
alteration of resistance due to tise of temperature. In the 
following description I shall take a concrete instance with 
wires of nickel and manganin as typical of conductors of 
large and small temperature coefficients respectively. 

If a curve be drawn for any conductor showing the 
connection between c, the current through the conductor, 
and v, the voltage applied to its ends, the form of the curve 
will depend on the material of the conductor and on the 
temperatures to which it is raised by the current. It is 


FIG. 12. 


convenient to call this curve the Characteristic (Curve) of the 
conductor. I assume that, in drawing the characteristic 
curve, steady conditions of temperature are reached at all 
points. For manganin, not overheated, the characteristic 
is practically a straight line whose steepness measures the 
resistance of the conductor, but for a thin wire of nickel 
the characteristic curve is of the form shown in F ig. IT, 
which is drawn from an actual experiment with wire of 
оо5 mm. (2 mils) diameter. It will be noticed that the 
higher part of the curve (from A to B) is very nearly a straight 
line. 

Method x1.—Now let a Wheatstone's bridge be arranged, 
as in Fig. 12, in which the arms DF and GH are equal 
resistances of nickel, while DH and FG (also equal to one 
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another) are of manganin. In Fig. 13 let OAB апа ОК be 
the characteristic curves of DF and FG. Then it is easy to 
show that, as long as the branch from F to H is kept on 
open circuit, the potential difference from F to H, for any 
particular value of the current c, will be proportional to the 


4 В 


FIG. 13. 


vertical distance between the two characteristic curves. It 
15 easy to choose the relative values of the nickel and man- 
ganin resistances, so that OK shall be parallel to the straight 
portion AB, as in Fig. 14, and when this 15 the case mn will 
be constant from A to B, and thus V will be practically 
constant for all values of the current c corresponding to the 
part AB. 


Ld 


FIG. 14. 


шн in Appendix П., this regulation also holds even 
OWever = 15 taken across FH, the constant value of V, 
tion for d EDS on the current taken. Тһе construc- 

Case is shown in Fig. 15. OL is taken equal 


to C 
2. current through ЕН, and LK is drawn parallel to 
- XXX, і 50 
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the characteristic for the manganin wires ; V! will then give 
the value of the constant voltage from F to H. Thus it 
is possible to obtain very constant voltage and current, 
although the main current I (Fig. 12) be drawn from a 
variable source such as the mains of a supply company. 
With actual apparatus the maximum steady voltage which I 
have obtained has been about one-third of the supply 
voltage used ; with alternating currents the use of a trans- 
former makes this limitation of small moment. 
Compensation for Variation of Temperature of Enclosure.— 
Unless the temperature of the enclosure containing the 
nickel wires can be kept constant, it is necessary to intro- 
duce compensation for temperature. This can be done by 
replacing part of each manganin resistance arm by copper 


v, 


FIG. 15. 


(in the same enclosure as the hot arms), sufhcient cooling 
surface being allowed so as to prevent undue heating by the 
current. The curves in Fig. 16 show the results of experi- 
ments at enclosure-temperatures of 249 and 37° C. with a 
regulator compensated in this way. The arms of the regu- 
lator (in cyclic order) consisted of a 2-mil nickel wire of 
25 ohms; 20 ohms of manganin in series with 3'4 ohms of 
copper; and two equal manganin resistances of 125 ohms 
each. It will be noticed that near o'45 ampere both the 
regulation and the temperature compensation are satis- 
factory. The level part of the curve (Fig. 16) corresponds 
to temperatures of the nickel wire between about 400? 
and 600° C. 

It would, I believe, be possible to obtain more extensive 
and better regulation by using platinum or other material 
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instead of nickel, since the nickel has an abrupt bend in its 

temperature-resistance curve. Also, by replacing parts of 

the manganin arms by heated nickel, say, of larger diameter 
2:5 
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than that used іп the other arms, it would be possible to 
make the upper characteristic bend up slightly, as in Fig. 17, 
and so to attain more exact parallelism of the two curves, 
and hence better regulation. Again, by applying a once- 


v 


o 
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regulated voltage to a second regulator a much greater 
steadiness would be obtained. 

Method 12.—It will be noticed that, in the above regu- 
lator, the function of the Wheatstone's bridge is merely to 
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obtain the difference between the voltages on the nickel and 
the manganin resistances. With alternating currents the 
same may also be done by means of a transformer, as shown 
in Fig. 18, where the transformer Tr is connected so as to 
give a regulated voltage at V. 

Uses of Regulated Voltages.—lt is not difficult to find 
instances where regulated voltages would be of use in 
testing work; standard glow-lamps may thus be run at 
constant brightness, shunts of watt-hour meters may be 
kept on constant voltage during test ; with constant voltage 
the mere measurement of the current taken by an inductive 
coil usually gives an approximate indication of the fre- 
quency; a constant current from a supply circuit may be 
used to get direct readings in a simple electric resistance 
thermometer. 


Nickel thot 


Manganin 


SECTION E. Null Methods of measuring Current.—]f in 
the Wheatstone's bridge arrangement the resistances аге so 
chosen that the characteristics intersect, as іп Кір. 13, then 
we may obtain, for I and V, a curve such as that in Fig. 19, 
which 1s drawn from actual experiment (with direct current). 
With proper temperature compensation V vanishes for a 
perfectly definite value of the total current I, and if a sensi- 
tive detector be added the arrangement becomes a thermal 
standard of current. 1 have found a telephone with an 
intermittent contact in its circuit a convenient means of 
detecting the vanishing of V, the intermittent contact being 
of advantage even with alternating currents. The accuracy 
of such a standard is considerable. 

Method 13.—1f such a combination be put in series with 
a resistance having a part adjustable by a sliding contact, as 
in Fig. 20, it furnishes a simple null method of measuring а 
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voltage (e.g., of a supply company) which varies between 
small limits ; the slider is adjusted to give silence in the tele- 
phone, and the corresponding value of the voltage is shown 
by the position of the slider. With alternating current the 
transformer method (12) is also applicable here, but a de- 


tector other than a telephone is necessary, for since the 
transformer alters the wave-form slightly it is found impos- 
sible to get any position of complete silence with the 
telephone. 

Method 14.—In conclusion, I may point out that if a 
voltmeter be put across V (Fig. 12) it will be seen from the 


FIG. 20. 


curve in Fig. то that a very open scale can be obtained 
corresponding either to the total current I or the outside 
volts; this furnishes a thermally *set up" instrument. I 
have found platinum better than nickel for this. Com- 
pensation for temperature can be applied as in the other 
methods. 
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voltage (e.g., of a supply company) which varies between 
small limits ; the slider is adjusted to give silence in the tele- 
phone, and the corresponding value of the voltage is shown 
by the position of the slider. With alternating current the 
transformer method (12) is also applicable here, but a de- 


tector other than a telephone is necessary, for since the 
transformer alters the wave-form slightly it is found impos- 
sible to get any position of complete silence with the 
telephone. 

Method 14.—In conclusion, I may point out that if a 
voltmeter be put across V (Fig. 12) it will be seen from the 
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curve in Fig. 19 that a very open scale can be obtained 
corresponding either to the total current I or the outside 
volts ; this furnishes a thermally *set up" instrument. I 
have found platinum better than nickel for this. Com- 
pensation for temperature can be applied as in the other 
methods. 
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APPENDIX I. 


In connection with my remarks on the measurement of power, I 
should like to draw attention to an instrument invented by Professor 
Riccardo Агпо for measuring the phase difference between two currents. 
It consists of two co-axial coils carrying the given currents А and В, 
and a search-coil S connected to an electro-dynamometer. (For sim- 
plicity suppose А = B). The main coils are by trial placed at such ап 
inclination to one another that the search coil shows the same effective 
induced voltage in all positions as it is turned co-axially to the other 
two. Professor Агпо shows that with sine-curve wave-forms the angle 
betwcen the main coils is then the supplement of the angle of phase 
difference between A and B. I procced to show that, for any wave- 
forms (not containing direct current components) the phase angle 
obtained is the power phase difference between the currents A and В. 
In Fig. 21 let the position angles of the three coils be as shown, ОХ, 


ЄС \Ё 
А cos, 


FIG. 21. FIG. 22. 


the initial line bisecting the angle АОВ. 


Let ф = angle of idleness between А and В. 
2a = angle of position betwcen main coils. 
Also let C = current in search coil. 


Then, by Fig. 22, kC is the resultant of A cos (a 4- 9) and 
В cos (a — 0) at an angle ф. 
Hence— 
k*C? = А? cos? (а + 0) + В: cos? (a — 0) 
+ 2AB cos (a + 0) cos (a — 0) cos ¢ ; 
S. 2k°C? = A? + B? + 2AB cos ф cos 2a 
+ [(A? + B?) cos 2a + 2AB cos $] cos 20 
— (A? — Вз) sin 2а sin 20. : 


If С — constant for all values of Ө, 


then— (A? — B?) sin 2a — 0, 
and— cos ф=— кн COS 2а. 
Since— A=B.°. сов ф = — COs 2a. 


О. E. D. 
Note.—In the above I have assumed that there is no disturbings 
mutual induction between the search coil and the main coils. 
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APPENDIX II. 


Mathematical Investigation of Bridge Regulator.—As in Fig. 24, let 
the equation to the upper straight part of the nickel characteristic be— 


where c of course must be kept within its proper limits. If r= resist- 
ance of each nickel wire, then— 


FIG. 23. FIG. 24. 


Now let the bridge potentials and resistances be as in Fig. 23. Let 


V = voltage on R 
= U — zv. 


If the outer voltage U be variable, let us find the condition for V = 
constant. 


We have— | = vey "—"————-"----—-——PP (2) 
2 
and— | LES V v —U — 
ер 2 с -— —————— (3) 
Hence, from (1) and (2)— 
U—V У U+V_ 
манас Re oa 
or— E ud Ur CLP ES E 
UG, * + 2с.=\ at RP 
Since V is to be constant, 
I I 
—== — т=а ..... ЕТТЕ "— 
=- (4) 
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Hence— 
V 206 -- Co | | 
1 2 1 1 ШИРККЕ КККК 5 
++ clc 
m R a a R 
Со 
7 == z 
also I I 
ғ а 


Thus we see that, whatever the value of В, the condition for regu- 
lation is simply that m = а, i.e., that the characteristics of the nickel 
and the manganin should be parallel (for the upper straight part of the 
former) Equation (5) gives the value of the regulated voltage for any 
particular value of R. 


NOTE ON THE USE OF THE DIFFERENTIAL 
GALVANOMETER. 


By C. W. S. CRAWLEY, Member. 


| do not wish to suggest that 1 am bringing forward 
anything new, but rather to say a few words in favour of 
an old but very effective instrument, which has fallen into 
disuse, and to show a practical way of using it for modern 
work. 

In early days the differential galvanometer was used a 
great deal ; when the bridge came into general use it was 
shelved, as the scope of the bridge was so much greater, 
and Ц sufficed for all the resistance measurements then 
required, Another reason why the differential galvanometer 
went out was, I think, this: People were used to the old 
pattern of differential galvanometer with pivoted needle, 
which was adjusted once for all and remained right. Then 
the reflecting galvanometer became universal, апа the 
reflecting differential galvanometer when adjusted does not 
remain right for good, but must be very carefully levelled, 
and even then is seldom in perfect adjustment. Some year 
or two ago I wanted some low resistances adjusted which it 
was impossible to bridge, and so I looked into the potentio- 
meter, which was better, but very troublesome, and this 
brought me to the differential galvanometer. For I always 
look on the differential galvanometer as а potentiometer ; 
only, instead of balancing opposing E.M.F.s, one balances 
the M.M.F.s caused by them. 

Now, I knew Бу sad experience that to adjust a differen- 
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tial galvanometer was а very great nuisance, so | took the 
bull by the horns and did not adjust at all, but simply had 
the galvanometer coils wound double, 2.е., with twin wire, 
and set the instrument up as it was, without adjustment. 

In Fig. і, а and b, 100 ohms each, are the circuits of the 
differential galvanometer in parallel, opposed, joined to the 
battery. In the circuit of а is а or ohm resistance, which 
can be cut out by a key, and also a slide-wire resistance, S, 
of about 1:5 ohms. In circuit with b is enough resistance 
to about balance. This can be a resistance box. When 
joined as shown, if а or b predominates and gives а deflec- 


& b 
/ 10 
FIG. І. FIG. 2. FIG. 3. 


tion, sufficient resistance is added or subtracted by the slide 
wire till the spot roughly comes to zero. Now depress the 
o'r key; this disturbs the balance by от per cent. апа 
causes a deflection of some hundreds of scale divisions. 
If we do not want to read closer than ‘от we need not 
adjust the balance closer than, say, 1o scale divisions. 

We now know that two equal and opposite E.M.F.s at 
the terminals of the two-coil circuits will balance, so that we 
can compare any two equal coils with great ease and great 
accuracy. For example, two ‘oor ohm coils, as in Fig. 2. 
If they are not alike there is a deflection. Pressing the o'1 
ohm key gives the deflection for o'1 per cent. difference 
between them, which, with only то amperes through them, 
is about 400 scale divisions, so when working to ‘от per 
cent. anything under, say, то scale divisions can be ignored 
- (which is а great comfort when adjusting). 
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But we can go a great deal farther ; we can join up on 
to the terminals of a 1 and а то ohm standard coil as in 
Fig. 3, and add resistance to b circuit till a balance is 
obtained. For all-round work an ordinary resistance box 
will do, but if there is much то to І work to be done it 
is sometimes worth having a separate coil of 9 b ohms. It 
was in this ratio way that I used it first; I wanted a set 
of stretched copper wires, accurately adjusted, for copper 
conductivity work, of т, 3, 3, &с., down to 45, ohm. 
This would have been impracticable by bridge, and very 
inconvenient by potentiometer. 

But setting the differential galvanometer two to one it 
was quite easy, the first or one ohm coil being the most 
difficult, as it had to be done against an outside standard. 
And the checking ts so simple; the galvanometer is set, say, 
4 or 8 to 1, and every third or fourth wire compared in the 
same way. 

At a pinch one can go a little further still; a coil 
differing considerably from the standard can be balanced 
by adding resistance to b coil and allowing for it, or setting 
to an odd ratio ; but this is more troublesome. 

Now, ав to sensitiveness. With o'r volt at the terminals 
of coils short on to the galvanometer and a ten second 
swing, we have a deflection of 450 scale divisions for a 
difference of o'r per cent. so that we can compare two 
1000 Ohm resistances with only то amperes and have а 
deflection of 4°5 scale divisions for ‘or per cent. 

As to limits of accuracy and sources of error, the 
galvanometer can be balanced far beyond anything required. 
Next the question of perfect contacts ; they can certainly 
be counted on not to be more than 44,4 ohm if made 
rationally, or an error of ‘oor per cent. As to temperature, 
the galvanometer coils are copper, but being wound double 
remain always at the same temperature. 

Thermal contacts may occur at times, but are easily 
detected and eliminated by reversing the battery current. 
They are infrequent and small in effect. 

For long and continuous testing, especially with a ratio, 
I like to have a rocking mercury switch which will do the 
check instantly. When working with ratios, temperature 
may cause an error; but if the galvanometer is placed so 
that its temperature remains constant, as shown by a ther- 
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mometer, the error will not exceed ‘о2 per cent. A check 
should be made at the end of the test. | 

In setting, it is of course necessary to allow for errors in 
the standards, if they would be within the limits required. 
It 15 easily done by deflection. 

There is only one inherent error to allow for. That is 
due to the resistance of the coil circuits of the galvanometer 
not being exactly the same when they are in balance. This, 
however, is but small. И the coils differ by a per cent. and 
they are b times the resistance of the coils under test, the 
error in the result is 5 per cent. а should be under 1, 
and 0 is generally at least тоо, so that at the worst the error 
IS “от per cent., even when comparing 1 ohm coils or setting 
I to то ratio with т to ro ohm coils.! 


™ Let the two coil circuits be so adjusted by resistance that in parallel they 
give no deflection. 

Then equal E.M.F.s, at their terminals, always give none. 

Now join to the terminals of two equal coils, D, in series. 

If the galvanometer circuits are of equal resistance there will be no 
deflection. 


ғ a&b 
D 0 
Fic. 5. 


But if they are not, but are a and a + b respectively, the E.M.F.s on them 
will be proportional to the joint resistances and there will be a deflection due 
to the difference of E.M.F. on the two. Тһе joint resistances are— 

a d mm dat bid 
а-ға a+tb+d 


Let b=“ andd = 4 ; Substitute, and we get Ке 
P q К, 


and К, 


1-- 


І 
[dene eos 
®+4+14 
І 
Pq 


circuits differ by C per cent. the error in the result is p Рег cent., which is of 


ф and 4 are large—at least 100 ; so that error is practically 2-,1.е., if the coils 


the order of ‘or at most, and can be easily allowed for in setting. 
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mometer, the error will not exceed “о? per cent. A check 
should be made at the end of the test. 
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There is only one inherent error to allow for. That is 
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But if they are not, but are a and a + b respectively, the E.M.F.s on them 
will be proportional to the joint resistances and there will be a deflection due 
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On the table there is a potentiometer which 1 designed 
some time ago to get rid of a slide wire, and which is used 
a good deal now. There are two dials, one of about 16 
ohms divided into 150 equal parts, and the other, the whole 
of which is equal to one coil of the first dial and divided 
into 100 parts, thus giving the equivalent of a slide wire 
divided accurately into 15,000 parts, which 1$ ample for 
practical work, and which cannot be damaged by its natural 
enemies, wear, pupils or students. It can also be speedily 
checked, right through, against itself. 

Now, just think of the labour of adjusting the 150 


Fic. 6. 


contacts of about o'r each ; and still worse the 100 contacts 
of about ‘oor each by potentiometer or other such means. 
But by differential galvanometer it is perfectly simple ; and 
the result can be easily checked, as pointed out before, by 
setting the galvanometer 2 or 3 or ro to 1 instead of level. 

I have also on the table another use of the differential 
galvanometer method. It is shown diagramatically in figure 
6. Шива workshop method of measuring anything between 
‘т and ‘от, or even less. 

In the diagram there is a slide wire of *1 total in series 
with the resistance under test and a battery. One coil of a 
differential galvanometer is applied to the ends of the 
resistance R by means oí stabbers on cords ; the other coil 
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is joined to one end of the slide wire and to the sliding 
contact, so that it takes the fall over more or less of the 
wire, the whole length of the wire being divided into 1,000 
parts by a scale; each division (about 1mm.) is equal to 
'0001 ohm. Тһе wire is about o'r inch diameter, so wear 
does not come in. It works well with 5 A. 

In conclusion, I do not suggest the differential galvano- 
meter for ordinary accurate coil work ; the Carey Foster 
method is perfect for that, and I have never sanctioned any 
accurate coils between 1 and 10,000 being finally tested by 
any other method. Вш below т ohm it is invaluable, 
and it makes quite easy a good deal of special work which 
would not be practical commercially by any other method. 

For example, the conductivity of two copper bars can 
be compared with quite reasonable currents, say 10 amperes 
for bars one inch square, which gives about four scale 
divisions for *1 per cent. with contact points twelve inches 
apart. 


Mr. R. T. GLazEBROOK : With regard to the methods of measuring 
alternate currents that were described in the first instance by Mr. 
Campbell, my own experience is perhaps hardly sufficient to make any 
remarks from me on that part of his paper of real value. Тһе part that 
interested me most was the latter part of the paper dealing with the 
thermal measurement of current by the thermal regulator, which seems 
to me an instrument that might be of very great use in research, and is 
certainly marked with very great ingenuity. It depends, I take it, 
almost entirelv, if not entirely, on the properties of these characteristic 
curves, as Mr. Campbell has called them, which he has shown us on the 
board. It struck me at once, on seeing that curve, that it would be of 
considerable interest to know how regularly it was uniformly repeated. 
The curve for nickel would be a straight line if the nickel remained at 
a constant temperature while the currents were passing through it, 
50 that of course the form of the curve depends, as Mr. Campbell 
explains, on the temperature of the nickel. The temperature of the 
nickel will depend on its surroundings. It will depend also on the 
nature of the surface of the nickel. I should like to ask Mr. Campbell 
how far he had evidence of the permanence of {һе curves, so that when 
once we had set up the bridge that he has described we might use the 
instrument for some considerable time and fcel secure that its records 
would be uniform and regular. Then, again, it occurred to me to ask 
: him if he would go a little more fully into the method whereby he 
standardised the instrument when used as a thermal measurer of 
current. I have not been able to look into that with care, but it struck 
me, on hearing what he had to say, that some explanation of the 
arrangements that were necessary to get the actual value of the current 
from the readings of the instrument would be of interest. As to 
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Мг. Crawley's paper, that also strikes me as being of very great valuc 
and very great interest. I have never used a differential galvanometer 
myself, although I have made various rough attempts to use one. I was 
in Berlin about a year ago, and I gathered that at the Reichstalt they 
were using a differential galvanometer, for resistance measurements, in a 
somewhat similar method I think, but I do not know how far they were 
carrying it. І certainly have had no experience of an instrument con- 
structed, as Mr. Crawley has said, without making any attempt to getan 
accurate magnetic balance between the two coils, but trusting to this 
adjustment of resistance outside to keep the balance. It seems to me 
that Mr. Crawley has solved a very difficult problem of adjusting and 
making standards of small resistances accurately, rapidly, and easily, 
and that he is to be very much congratulated on the success which has 
followed this method which he has described to us. 

Mr. А. P. TROTTER: I have not had an opportunity of trying any 
of Mr. Campbell's methods, and Г look forward with interest to trying 
his arrangement for obtaining constant pressure, and the thermal com- 
pensation device, which appear to be very promising. 

I am glad to say that I have used the method described by Mr. 
Crawley. Some time ago, one ohm was about the smallest measure- 
ment of resistance which was required in the Board of Trade Electrical 
Standards Laboratory, but of course you are aware that with the increase 
of potentiometer methods and of ammeters which act by potential 
difference, it is very common now to have to measure with consider- 
able precision low resistances to carry large currents. Some months 
ago a ten-thousandth of an ohm to carry a thousand amperes was sent 
to the Board of Trade for verification. It was a big thing, designed 
for a laboratory in Canada. We took a good deal of trouble to 
satisfy ourselves as to its accuracy. It came out wonderfully well, the 
test having been made by the potentiometer method. When dealing 
with one or two thousand amperes, the trouble is not so much to 
measure the current, as to make sure that it is constant while the 
measurement is in progress. In the potentiometer method which has 
been introduced recently into the Board of Trade Electrical Standards 
Laboratory using a low resistance potentiometer, the resistance and the 
current must be measured by two successive operations. You switch 
over one way and measure the current, and quickly switch over and 
measure the resistance, and then switch back again to see that thc 
current has not altered. It generally does vary when you arc dealing 
with thousands of amperes, and it is very difficult indeed to keep it 
steady. To repeat the two measurements several times mcans a 
tremendous consumption of current. 

I put this to Mr. Crawley, and asked him for his advice, and he 
suggested the differential method. This differential instrument has 
Бесп setup; it has not been quite finished in all its details, but хус 
have had it in use for some months, and I find it does all that was 
promised for it. One of the latest measurements made with it wasa 
pair of resistances of 26 micro-ohms, (0'000,026 ohm), to carry up to 
2,000 amperes. Of course, we have some resistances lower than one 
ohm, but nothing so low as this. 
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The verification was first made by the potentiometer method using 
the large “kilo-ampere” balance for the measurement of the current. 
The same verification was carried out by means of the differential so as 
to give a comparison betwen the two methods. Тһе resistance used as 
a sub-standard was a shunt of oor of an ohm capable of carrying from 
50 to бо amperes. In this experiment we did not set the differential 
galvanometer toa definite ratio, but connected up in series with it a 
resistance box capable of giving a very high range of ratios. With a 
current of from 10 to 20 amperes in the circuit, the variable resist- 
ance was adjusted until zero deflection was obtained, and the value 
of this ratio was then obtained by comparison with our sub-standards, 
the value of which we know to a very high accuracy. Тһе result 
obtained was extremely satisfactory, as the value given by the two 
methods were in agreement to the third significant figure. 

In testing a resistance of this kind, although it is intended to carry, 
say 2,000 amperes, it is not necessary to put the full current through it, 
for such resistances generally have a very low temperature co-efficient, 
and it is enough, when using this differential method, to measure the 
current approximately. In one test we used 1860 amperes. The point 
is, not that the current is exactly known, nor that it is constant, but that 
the same current is passing through the two resistances. We have used 
the method with ratios of 1:1, I: 10, 1: тоо, and 1:4oo. The 
only defect at present is, that we have to use a Thomson galvanometer. 
We are substituting D’Arsonval galvanometers for our other Thomson 
galvanometers, in order to be secure from outside magnetic disturb- 
ances; and I hope that a differential D’Arsonval will be sufficiently 
sensitive for use with this most valuable method. 

Мг. С. V. DRYSDALE: I do not think that there is a subject іп the 
whole range of electrical testing, which is of such great importance at 
the present time, as that of the measurement of alternate-current power 
under various conditions, nor one that is so little understood. In Mr. 
Campbell's paper а number of most ingenious methods of measuring 
alternate-current power are given, but I think that I am right in saying 
that these methods have simply been introduced to avoid the use of a 
wattmeter, an instrument which seems to have fallen into disrepute 
since its inductive and other errors were pointed out many years ago. 
When these errors were recognised, other methods for the measurc- 
ment of alternate-current power were sought for, resulting in the 
introduction of the threc-ammeter and three-voltmeter tests. Even as 
far back as eight years ago, Prof. Fleming, іп his important transformer 
measurements, came to the conclusion that the wattmeter, without 
metal cover, gave more reliable results than these other methods. Not- 
withstanding this opinion, other methods of a somewhat similar nature 
have been brought out from time to time, regardless, apparently, of any 
consideration as to the accuracy which can be expected from them. 
1 should like to point out that it is quite easy to find out what 
accuracy may be expected of any test, and venture to think that it 
would greatly assist those who have to make power measurements, if 
the inventors of these tests would provide us with such information 
As an example I should like to take the thrce-voltmcter method, which 
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Mr. Campbell has modified in one or two ways, but without altering the 
theory of the test. The diagram below, Fig. А., shows the connections, 
where L is the inductive load, R the non-inductive resistance, V,, V. 
and V, the three voltmeters. 

Then we know that the power taken by the load 


М 
V ся Ve ү? 
. 


к= 2К 
Ву simply differentiating this formula we have 
4 
di 27,2 dV, 2V; dV, av, ах, 


TRE У+#—У„—\?, V, V2—-V2—V; V, = Ve—Ve-V; V, 
from which we see that an error of 1 per cent. in V, would cause an 
error of 
2V, 
V 12 I V? ЖЕРІ Vy 


in the power. By working this out in various cases I find that in the 
most favourable cases for accuracy, when the drop across the non-induc- 
tive resistance equals that across the load, an error of 1 per cent. in 
reading V, would cause an error of 22 per cent. in the power, if the power- 
factor of the load is o'r. Мг. Campbell modifies the method by making 


FiG. А. 


the drop across the non-inductive resistance less in order to utilise the 
full potential of the mains on the load, which is of course an important 
advantage, but I have worked out the crror in the case where the ratio 
of the P.Ds. on the load and resistance is 5 to т, and I find that anerror 
of т per cent. in reading V, would give an error of no less than 54 per 
cent. in the power at the same power-factor. Although Mr. Campbell 
claims an accuracy of o2 per cent. for his voltmeter, the error is then 
very serious, and with ordinary commercial instruments it can hardly 
be claimed that such tests are of any value whatever. 

The best methods which Mr. Campbell puts forward in his paper 
are those under headings 3 and 4. Errors inthe instrument readings 
are much less serious in these cases, but you will notice they involve 
the taking of two rcadings, not simultaneously, but one after the other. 
If you are using an electrostatic voltmeter with the degree of 
accuracy which Mr. Campbell claims, I should think that it would take 
a considerable fraction of a minute to get each reading accurately. 
Where you are taking the test on а perfectly steady load, this is not а 
very scrious objection, but I should like Mr. Campbell to apply this 
method to a brake test of an alternate-current motor. When to the 
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difficulties of obtaining the best conditions of the test, you have added 
the getting of these readings with an unsteady brake, I do not think 
that the method is capable of any degree of accuracy. 

I should like also to say a few words as to the errors which trans- 
formers introduce in these tests. In all the methods іп Mr. Campbell's 
paper except No. 5 the inductive resistance is shunted by one of the 
coils of a transformer. That transformer may, and I believe it does, 
take an exceedingly small amount of current, but a very small amount 
of current in quadrature may cause a serious displacement of the phase 
difference between your inductive and non-inductive circuits, and I 
think Mr. Addenbrooke is in the right when he says that he has always 
been afraid to employ transformers in alternate-current tests. 

As I stated at the outset, I believe that none of these methods would 
be necessary if satisfactory dynamometer or electrostatic wattmeters 
were available, and the prejudices against them removed. А direct- 
reading method with simple connections is surely to be preferred to 
one with complex connections, and involving troublesome calculations 
for every test. I think that Mr. Addenbrooke has shown in the case of 
the electrostatic wattmeter, and that I have shown for the dynamometer 
form of instrument, that the errors to which such instruments are liable 
are infinitesimal when properly designed. Messrs. Siemens have 
informed me that in their * precision wattmeters" the coefficient of 
self-induction of the shunt coil is 8:8 millihenrys, and that the non- 
inductive resistance used with them is 4,000 ohms when working on a 
120-volt circuit. By a formula which I published recently I find that 
the maximum error in the power-factor due to this induction is only 
о:0013, and this error is one that can easily be calculated and allowed 
for if necessary. | 

In my own form of wattmeter, designed for the laboratories of the 
Northampton Institute,* the self-induction of the shunt coil is only 
7 millihenrys and the normal resistance 100,000 ohms, so that the error 
is absolutely negligible, while the range of the instrument is anything 
from o'1 ampere to 100 amperes, and from 1 to 2000 volts, апа its cost 
is less than that of an ordinary electrostatic voltmeter, Under these 
circumstances, I hardly think that any of the methods mentioned in 
the paper, beautiful and ingenious as they are, should ever be employed 
except in cases of emergency where a wattmeter is not available, and 
even then it would not take much more time to make up a wattmeter 
such as I suggest than to get all the retinue of apparatus together 
which would otherwise be required. 

[Communicated]: Another point of great importance in Mr. Camp- 
bells paper is the testing of alternate-current meters under fictitious 

loads. Here again the use of a wattmeter makes the test of much 
greater value. Mr. Campbell is at some pains in his connections to 
secure the same phase in his pressure and current circuits, but surely 
one of the most important points is to be able to test our meters under 
lagging loads as well. If we simply employ any ordinary transformers 
to give us our P.D. and current, without troubling about their induc- 
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tances, and connect an accurate wattmeter so that its shunt and series 
coils are similarly connected to those of the meter under test, we can 
vary our lag to any extent by choking coils and standardise our meters 
quite conveniently under any conditions. Where extremely lagging 
loads are required we can derive our current and pressure from the 
different circuits of a two-phase supply if available. Of course it 
should be understood in all these tests that the wattmeter, if properly 
designed, requires no calibration, except a single standardisation at one 
point with continuous currents. In conclusion, I hope Mr. Campbell 
will excuse my having criticised his methods so adverselv, but I think 
the thanks of the Institution are most cordially due to him for having 
brought forward such an important subject, and we must all admire 
the ingenuity which characterises his methods. 

About Mr. Crawley's paper also I should just like to say a word. 
The differential galvanometer method, as modified by Mr. Crawley, 
gives unquestionably a most rapid and convenient method for the 
measurement and adjustment of resistances to a close degree of 
approximation. When, however, we require to standardise any resist- 
ance with the greatest accuracy and to determine its temperature 
variation, a replacement test such as the Carey-Foster method is always 
to be preferred, as Mr. Crawley admits in the case of higher resistances. 
Some time ago, when I had the honour to be associated with Mr. 
Crawley, I devised a simple modification of the Carey-Foster Bridge, 
which rendered it suitable for all resistances, and which I have used 
with the most accurate results. I do not bring this forward as a sub- 
stitute for Mr. Crawley's differential galvanometer, as I quite agree with 
him as to the simplicity and rapidity of his mcthod, but for ultimate 
standardisation I think that cither the Carey-Foster Bridge or the low 
resistance bridge of the Reichsanstalt should be employed. 

Мг. С. L. ADDENBROOKE (communicated): I wanted a system of 
measuring low resistances some time since for use іп connection 
with the method of measuring alternating currents electrostatically, 
which I have been working on. When casting about for the best 
method, Mr. Crawley happened to mention to me the one he 15 
describing to-night, and shortly afterwards Messrs. Nalder Bros. & Co. 
arranged one of the instruments for me. 

I have had a fair experience in this class of work, and I must say 
that I have been delighted with the ease and simplicity with which Mr. 
Crawley's system works. I do not think that there is any other method 
which comes near it. At the same time, as this subject of measuring 
low resistances is brought forward, I would like to allude toa method 
which was described in the Electrician for December 24th, 1897, bv 
Мг. К.Н. Housman. My attention was drawn to this by Mr. J. Purrett 
(until lately of Messrs. Willans & Robinson, Limited), who told me 
that he used it effectively. As a handy means of measuring or cah- 
brating low resistances when only а Wheatstone Bridge and a galvano- 
meter are available, it seems to me superior to the methods usually 
given in the text-books. 

Low resistances are so convenient for a number of purposes that 1 

* See the Electrician, October 5th, 1900. 
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think the profession owes Mr. Crawley its best. thanks for bringing 
forward a method by which accurate results can so easilv be obtained. 

Coming now to Mr. Campbell’s paper. Having succeeded in 
making an electrostatic voltmeter which will measure a drop of one 
volt easily within т per cent. and in which I have been able to get 
rid of the trouble with contact error, I am able to dispense with the 
transformer altogether which is shown in Mr. Campbell's second 
method, 1 have had in mind constantly the possibility of using trans- 
lormers in some of the ways which Mr. Campbell suggests, and I think 
itis possible that they may be very uscful within certain definite limits, 
particularly where the results obtained with them can be checked by 
some reliable method beforehand. But, whether rightly or wrongly, I 
have always been afraid of using them as a basis for accurate work 
Without some means of checking their performances. 

І regret that time does not permit me to deal with Mr. Campbell's 
suggestive paper in further detail, but I trust that the interest which is 
now being taken in alternating measurements will lead to a better 
understanding of alternating currents in this countrv, апа will help to 
bring about greater confidence in their use. 

Mr. ALEXANDER RUSSELL (communicated): It has been questioned 
Whether it is allowable to suppose that the phase-difference between 
the primary and secondary volts of a transformer on light loads is very 
approximately 180 degrees. Methods and instruments which involve 
this assumption—and there are many in everyday use—are not regarded 
with favour by some electricians. Mr. Campbell's experiment (Method 
6, 2), in which he found a phase-difference of 180—015 between the 
primary and secondary terminals of what is practicallv a tov trans- 
tormer, shows that in many cases the assumption of practical opposition 
in phase is justifiable. 

It can easily be proved theoretically that the assumption is some- 
times allowable. Let e, and e, be the primary and secondary volts, 
i, and i, r, and r, л, and m, be the currents, resistances, and turns 
respectively ; then if N be the flux in the core, 

; dN 
мия, P 
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Now on open sccondarv in a modern closed iron circuit commercial 
transformer the maximum value of e, is at least ten thousand times 
Preater than the maximum value of л, А, апа therefore in this case it is 
quite legitimate to write— 


I ў LN т - . “ M . » 
t tollows that e, and с, are similar curves which are in exact Opposition 
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in phase. When the maximum value of the right-hand side of (1) is less 
than the hundredth part of the maximum value of ¢,, even if there is 
slight magnetic leakage, we can assume that с, and е, are similar curves 
which are almost in exact opposition in phase. 

Similarly at heavy loads the resultant of the magnetising turns of 
the primary and secondary coils is a very small quantity compared to 
either of them, and hence in this case the primary and secondary 
current waves arc nearly similar curves, whose phase-difference is 
nearly 180 degrces. 

I would like to call attention to the first Appendix to Mr. Campbell's 
paper. The theorem there enunciated is, I think, entirely new and of 
great practical importance. Mr. Langdon-Davies some eight years ago 
explained to me how he got a circular rotating magnetic field by 
placing the field coils in his motor so that the angle between their 
planes was equal to the supplement of the angle of phase-difference 
between the currents in them. І did not then appreciate what Mr. 
Campbell has now shown, that we can always get a field which will 
produce a constant effective E.M.F. ina coil whose plane is perpen- 
dicular to the ficld, no matter what the shapes of the current waves arc. 

Suppose that we have two equal circular coils having a common 
diameter, and whose planes are inclined to one another at an angle a. 
If alternating currents flow in these coils it is useful to know how the 
effective value of the magnetic forces produced resolved along a line 
through the centre perpendicular to their common axis varies with the 
position of this line. Let f, and / be the values of the magnetic forces 
along the axes of the coils, and let f be the resolved value of these 
forces along a line making ап angle 0 with №, then 

f= f cos 0 + f, cos (a — 0). 
Let F, F,, and F, be the effective values of f, fı, and fa, and let 9 be the 
angle of phase-difference between f, and f; ; then if Е, is made equal to 
F, we have 


F? = F,?(cos?0 + cos? (a — 0) + 2 cos cos (a — 0) cos 9! 
= F; | (соза + cosa — 20) (cosa + cos $) + sin "a } 


Written in this form we see at once Mr. Campbell’s result, namely, 
that F equals F,sina, and is consequently independent of 0 when 
COS a + cos ф is zero, i.e., when a equals 180° — 4. 


: : a a 5 
In the general case, F is a maximum when 0 equals 595 + 180 


and is a minimum when 0 is 90° + > ог — 9o + > If we plot out а 


curve showing the values of F for various values of 0, we get a curve 
which is very similar to an ellipse. 

The theorem can also be extended to three-phase theory, and as it 
has a direct bearing in practice I shall indicate the proof. Suppose 
that we have three equal cylindrical coils arranged round a circle at 120 
apart, their axes all pointing to the centre of the circle. Let f, fo, and 
f, be the strengths of the field produced at the centre by cach when 
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they are connected to the mains of a three-phase system either in Mr. Russell. 
star or mesh fashion, then 


h+h+f=0 
n Er = FF + ЕР +2 F, F, cos pry 


where capital letters denote effective values and $., is the angle of 
phase-difference between / and f} If the currents be adjusted so that 


F, — Е, = E. 


then COS $.,— — 4, 
.7. $3477 1207. 


Draw a line through the centre making an angle 0 with /, and let 
the resolved magnetic force along this line be f, then 


f — f, cos 0 + f, cos (0 — 120°) + f, cos (8 — 240°), 
CB... 
Therefore Е is independent of Ө, and the current produced in а coil 


perpendicular to the rotating magnetic field is independent of the 


angular position of the coil. 
In practical work, when we have iron in the cores of the coils, 
f, - f,-Ff, is not zero at every instant. In this case we can show 


"m 
that cos = — z, where т is less than unity and from symmetry 
fra = фу = $ra hence 

4/6--3т 


Therefore in this сазе also Е is independent of 8. 

It 15 very curious that in these cases, although both the magnitude 
and the angular velocity of the magnetic field are continually changing, 
yet so far as a test coil can judge it is isotropic. Professor Ernest 
Wilson has proved in the Фоиғпа!, vol. xxviii. p. 331, that it is impos- 
sible to get a pure rotating field by means of two or three phase 
alternating currents except in the very special сазе when these currents 
follow the harmonic law. 

I congratulate Mr. Crawley on having perfected such an elegant 
and useful method of measuring small resistances. He has done good 
service in calling the attention of clectricians to the differential galva- 
nometer. I have found that a well-made high-resistance differential 

galvanometer is not only useful for various tests such as measuring high 
inductances, etc, but it can be used also as а standard of capacity and 
hence can be used to measure exceedingly high resistances by the rate 
of loss of charge method. Suppose that A, B,, B,, and C are the four 
terminals of the two coils of a differential galvanometer ; then if B, and 
В. are disconnected and a small voltage is applied between A and C, 
there will be a large throw of the песе due to the mutual clectro- 
Static capacity of the coils. On short-circuiting A and C we get an 
equal throw in the reverse direction. Putting a condenser between B, 
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in phase. When the maximum value of the right-hand side of (1)isless 
than the hundredth part of the maximum value of e,, even if there 15 
slight magnetic leakage, we can assume that с, and с, are similar curves 
which are almost in exact opposition in phase. 

Similarly at heavy loads the resultant of the magnetising turns of 
the primary апа secondary coils is a very small quantity compared to 
either of them, and hence in this case the primary and secondary 
current waves are nearly similar curves, whose phase-difference is 
nearly 180 degrees. 

I would like to call attention to the first Appendix to Mr. Campbell's 
paper. The theorem there enunciated is, I think, entirely new and of 
great practical importance. Мг. Langdon-Davies some cight years ago 
explained to me how he got a circular rotating magnetic field by 
placing the field coils in his motor so that the angle between their 
planes was equal to the supplement of the angle of phasc-difference 
between the currents in them. Т did not then appreciate what Mr. 
Campbell has now shown, that we can always get a field which will 
produce a constant effective E. M.F. in a coil whose plane is perpen- 
dicular to the ficld, no matter what the shapes of the current waves arc. 

Suppose that we have two cqual circular coils having a common 
diameter, and whose planes are inclined to one another at an angle a. 
If alternating currents flow in these coils it is useful to know how the 
effective value of the magnetic forces produced resolved along a line 
through the centre perpendicular to their common axis varies with Ше 
position of this line. Let f; and / be the values of the magnetic forces 
along the axes of the coils, and let f be the resolved value of these 
forces along a line making an angle Ө with f, then 

f = fi cos 0 + f; cos (a — 0). 
Let Е, F,, and Е, be the effective valucs of f, fı, and /„ and let ¢ be the 
angle of phase-difference between / and f, ; then if Е, is made equal to 
F, we have 


Ез = Е,3|со570 + cos? (a — 0) + 2 cos6 cos (a — 0) cos e] 
= F,7! (cos a + cosa — 20) (cos a + cos $) + sin ға | 


Written іп this form we see at once Mr. Campbell's result, namely, 
that F equals F,sina, and is consequently independent of 8 when 
cosa + сов ф is zero, i.e. when а equals 180° — 9. 


А А а а 
In the general сазе, Е is a maximum when 0 equals 2087 + 180°, 
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and is а minimum when 0 is 90° + 2 0r — 9o + x If we plot out a 


curve showing the values of F for various values of 0, we get a curve 
which is very similar to an ellipse. 

The theorem can also be extended to three-phase theory, and as И 
has a direct bearing in practice I sball indicate the proof. Suppose 
that we have three equal cylindrical coils arranged round a circle at 120 
apart, their axes all pointing to the centre of the circle. Let f, f2, and 
f, be the strengths of the field produced at the centre by each when 
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they are connected to the mains of a three-phase system either іп Mr. Russell. 


star or mesh fashion, then 


f. + f, +f,=0 
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where capital letters denote effective values and $... is the angle of 
phase-difference between / and f, If the currents be adjusted so that 


F,=F,=F,, 


then COS pe = — 4, 
2.7. фз = 120°. 


Draw a line through the centre making an angle 0 with f, and let 
the resolved magnetic force along this line be f, then 


f=f, cos 0 + f, cos (0 — 120°) + f, cos (0 — 240°), 
JES} F,. 


Therefore Е is independent of 0, and the current produced in a coil 
perpendicular to the rotating magnetic ficld is independent of the 
angular position of the coil. 

In practical work, when we have iron in the cores of the coils, 
f, + f,-F f, is not zero at every instant. In this case we can show 


m : | 
that cos ф.;---- 7, where m із less than unity and from symmetry 
Pr = фа = фу. hence 
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Therefore in this case also F is independent of Ө. 

It is very curious that in these cases, although both the magnitude 
and the angular velocity of the magnetic field arc continually changing, 
vet so far as a test coil can judge it is isotropic. Professor Ernest 
Wilson has proved in the Fournal, vol. xxviii. p. 331, that it is impos- 
sible to get a pure rotating field Бу means of two or three phase 
alternating currents except in the very special case when these currents 
follow the harmonic law. 

I congratulate Mr. Crawley on having perfected such an elegant 
and useful method of measuring small resistances. Не has done good 
service in calling the attention of electricians to the differential galva- 
nometer. І have found that a well-made high-resistance differential 

galvanometcr is not only useful for various tests such as measuring high 
inductances, etc., but it can be used also as a standard of capacity and 
hence can be used to measure exceedingly high resistances by the rate 
of loss of charge method. Suppose that A, B,, B,, and C are the four 
terminals of thetwo coils of a differential galvanometer ; then if B, and 
В, are disconnected and a small voltage is applied between А and C, 
there will be a large throw of the needle due to the mutual clectro- 
static capacity of the coils. Оп short-circuiting А and C we get an 
equal throw in the reverse direction. Putting a condenser between В, 


Mr. Russell. 


Mr. Fisher. 


922 CAMPBELL AND CRAWLEY. | April 18th, 


and В, we get an increased kick, putting it in series with the galvano- 
meter a diminished kick, and so on. All the effects produced, which 
arc very puzzling at first, can be explained by clementary theory, butthe 
explanation necessitates hard thinking on the part of the student. In 
a galvanometer by Elliott Brothers, which I have used constantly for 
the last eleven vears, the resistance of each coil is 3,500 ohms and the 
mutual capacity of the coils is 0:308 of a microfarad. It reflects great 
credit оп its makers, as the insulation resistance between the coils i5 
exceedingly high. Resistances can be measured on a bridge bv this 
galvanometer without connecting B, and В, if the experimenter taps 
down the galvanometer key between each observation. If manufac- 
turers will wind two coils of wire on a reel so that thev сап be used 
as an approximate standard non-inductive resistance, as two coils of 
known self inductances, as a known mutual inductance, as an approxi- 
mate standard of capacity and as a high standard of insulation resistance, 
they will find that these coils will be much appreciated in physical 
laboratories апа test rooms. 

Mr. W. C. FisHER (communicaled): Having had no slight experience 
in the design and manufacture of differential galvanometers, reflecting 
and indicating, I can quite agree with Mr. Crawley as to the delightful 
simplicity attendant upon their use in the manner described bv him. 
His paper is, however, deficient in one important respect ; he gives no 
hint as to the type of instrument he would recommend. Now if the 
type of instrument emploved is the ordinary Thompson, then the 
method suggested loses all its advantages, as there are few places where 
it can conveniently be employed, and with the spread of “tubes” and 
electric traction generally it will soon be relegated to. and find its 
home in, such wilds as South Kensington and Bushey Park. И, on the 
other hand, the type is of the moving coil or D'Arsonval pattern, will 
he tell us how he captured—that “ De Wet” of all pattern differential 
instruments of this type—constancy of zero? 

As to comparison of potentiometer and differential methods, having 
had experience of both I am not prepared to assign premier position to 
the differential. I can, of course, quite sympathise with Mr. Crawlev's 
difficulty in commercially turning out 150-section potentiometers to 
compete with those having a slide wire and 15 sections; his remedy 15 
obvious—ignore small boys and half-bricks—but, at the same time, 
calibration сап be done by potentiometer as expeditiously as any other 
way and certainly more satisfactorily. Some twelve or eighteen 
months ago it was my misfortune to find two Fleming-pattern standard 
ohms destroyed by unaccountable electrolysis. Two new lengths of 
Wire were taken, wound, annealed, and adjusted to a manganin 
standard in twenty minutes (timed out of curiosity); one of these was 
sent to the Board of Trade who reported no appreciable crror, and 
from my knowledge of differentials I question whether they could 
break that record. Ав for accuracy, the Board of Trade gave the 
following figures for three manganin standards sent by purchasers for 
check values :— 
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тө ( Current. L3 3 6 9 12 15 Amps. Mr. Fisher. | 


Ohm. | Value. 0'0990 09097 "0008 “І000 “1000 ‘тоо Ohm. 


too ( Current. 15 30 бо 90 120 ISO Amps. 
Ohm. | Value. 0'00999 ‘01000 “01000 01000 ‘00999 "00000 Ohm. 


лоб ( Current. 150 300 боо 900 1200 1500 Amps. 
Ohm. | Value. ооо0500 ‘000500 ‘000500 "000500 "000500 ‘000500 Ohm. 


No great care was taken іп adjustment. It was not known that they 
were to be sent to the Board of Trade. They were of ordinary stock 
pattern, turned out commercially. | 

The only supposed difficulty attendant upon potentiometer method 
is when at high current rates there is likcly to be fluctuation between 
readings ; but in effect this is inappreciable in the small interval of 
time that takes place. For some time there has been complaint at the 
ancient pattern standard ohms allowing but 45th of an ampere 
standardising current. We now have advocated a comparatively small 
current in standards that are capable of taking more ; of course it is 
purely a question of sensibility, and in that respect the ditferential 
possesses absolutely no advantage over the potentiometer, provided 
the latter is set out specially for the comparison of resistances. 

The method described and illustrated in Fig. 6 was suggested by 
me five years ago for obtaining the resistances of carbon electrodes of 
over 200 square inches sectional area, with this difference, that the 
strip O—100 was shunted by a long wire of comparatively small 
diameter—so allowing the use of, sav, a metre bridge—and materially 
lengthening the scale O—roo. 

Practically the whole question as to Differential г. Potentiometer 
amounts to this: in the first case you are dependent upon the be- 
haviour of delicate apparatus and forces, and in the last you have 
mechanical excellence alone to contend with, and that can be made 
substantial as well as the forces employed. Аза matter of fact, how- 
ever, fair comparison can not be made unless the potentiometer, like 
the differential, is laid out for the particular job of low resistance tests 
and not, as at present, a “ maid of all work." 

Mr. M. M. GILLESPIE (communicated): I read with great interest 
Mr. Campbell's paper “On Test Room Methods of Alternate Current 
Measurement," and I feel sure such a paper will be greatly valued Бу 
many who, like myself, spend a great deal of their time on alternate 
current measurement. 

Some five years ago, when the Westinghouse Company were having 
their laboratory reorganised for thc testing of alternating current watt- 
meters, I had the pleasure of calibrating a great number of Shallcn- 
berger integrating wattmeters at Faraday House, and the Method No. 7 
described by Mr. Campbell was the one we used to adjust these 
instruments for inductive circuits, and with very good results indced. 
At the Westinghouse Company's laboratory we use a Kelvin quadrant 
electrometer connected as a wattmeter for adjusting alternating current 
wattmeters, and I remember at the time—when we got this Kelvin 
instrument set up—comparing some meters which had been adjusted 


Mr. 
Gillespic. 


Мг. 
Gillespie. 


Professor 
Callendar. 
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on inductive loads at Faraday House by the method named, the 
results were very close. I would have liked Mr. Campbell to have 
described a little more fully some of the methods, still I feel certain 
many of us will find the paper a very useful one. 

Professor Н. L, CALLENDAR (communicated): The writer had had 
some experience, which might be worth recording, of many of the 
thermal methods mentioned by Mr. Campbell. One of the simplest 
thermal methods, the Hot-wire Voltmeter, had long been familiar in the 
form in which the record or indication was obtained from the thermal 
expansion. The disadvantage of this method, in addition to its sluggish- 
ness, was that owing to the smallness of the expansion a large magnifi- 
cation became necessary, which involved great loss of power, so that 
errors frequently arose from friction. Тһе zero was also liable to shift 
from a comparatively small strain in the wire. In spite of these defects 
the method was well known to be susceptible of considerable accuracy. 
The disadvantages of the method, such as they were, could be entircly 
obviated by employing the increase of resistance of a wire in place of 
its linear expansion. The increase of resistance of a pure metallic wire 
was several hundred times as great as its linear expansion, and could be 
more accurately measured, although the apparatus required was less 
simple. Employing the resistance method, it was unnecessary to 
subject the wire to tension or stress, and it was therefore possible to 
employ the finest filaments without risk of strain. At the same time the 
sensitiveness of the method was very greatly increased, and the waste 
of power in the voltmeter was reduced to a negligible quantity. The 
writer had exhibited a recording instrument of this class at the meeting 
of the British Association in 1898. The sensitive part was a loop of 
platinum wire 2 inches long and o'oor inch diameter. The record was 
taken with a pen on a scale half an inch to the volt, reading from 100 to 
120 volts (or any other range required), and could be read to a tenth of 
a volt with certainty. No doubt this degree of accuracy was quite 
unnecessary for many practical purposes, but with the advance of 
science it was probable that the need of precision would be more Кеепіу 
felt in the future, and such methods might then find a wider field. 

The writer had also applied Method тт, the Wheatstone Bridge, for 
obtaining a steady current for potentiometer purposes, under the name 
of a Potentiometer-Bridge-Rheostat. By employing sufficiently fine wires, 
and compensating for changes of external temperature, the method 
became very sensitive and accurate. This automatic regulation of the 
current was very convenient for a Recording Potentiometer, as it evaded 
the necessity of employing a standard cell to adjust the scale of the 
record. The apparatus, when suitably adjusted, might be connected to 
any storage cell with the certainty that the scale would not vary morc 
than one or two parts in a thousand if the voltage of the cell was 
between го and 2'1 volts. It might even be used on а constant 
potential lighting circuit, if the range of variation did not exceed 5 per 
cent. up or down. By a suitable arrangement of resistances it was also 
possible to make the current through the bridge-wire, F H Fig. 12, varv 
inversely as the voltage on the circuit, so as to make the scale of the 
record vary directly as the volts, If the main current were taken 


1901.! DISCUSSION. | 935 


- 


through a suitable low-resistance shunt, the Р.О. on which was balanced Professor 
on the bridge-wire, the record could be obtained either in watts or С^ "ЧТ 
‘amperes, according as the current through the bridge-wire was adjusted 
to vary inversely as the volts, or to be independent of the voltage. The 
writer had published two sample records taken Бу this method in thc 
Electrician, September, 1808. In addition to the accuracy attainable by 
the application of the potentiometer method, this arrangement possessed 
the advantage of great flexibility, and could be adapted to cover a very 
wide range bv merely changing the shunt or the voltmeter resistance. 
The same instrument had been used to record the E.M.F. of а thermo- 
couple on a scale of т inch to a thousandth of a volt, or the voltage in a 
power-house between соо and боо. In the latter case the same instru- 
ment could be transformed by merely turning a switch so as to read in 
watts or amperes, with a range of 10,000 kilowatts. 

About six years ago the writer had made a very careful test of a 
Thermal Current Standard, to balance at one ampere, constructed оп a 
similar principle. It appeared to be nearly, if not quite, as good asa 
Kelvin current balance, but was distinctly inferior in accuracy to a good 
standard cell and a resistance. This was probably due to changes in 
the emissivity, which could not be entirely prevented even by hermetic 
sealing. 

There could be no doubt that these thermal methods possessed 
great adaptability, and would repay further investigation. А grcat 
advantage was that they could in many cases be directly applied to 
alternating current work as wellas continuous. The chief difficulty so 
far encountered had been that of getting instrument makers to under- 
stand the method of adjustment and compensation. Mr. Campbell was 
to be congratulated on the great progress he had made іп the theory of 
these thermal methods of measurement, and the practical application 
would certainly follow as soon as engineers learned to appreciate the 
convenience of the methods and the accuracy attainable by their usc. 

Mr. C. W. S. CRAWLEY, in reply, said : I do not think there is any- Mr. 
thing which has been said in the discussion calling for a reply. There. СУ 
is one disclaimer I should like to make. Мг, Addenbrooke referred to 
it as my method. Some ycars after I began to employ it I found a 

‚ reference to a somewhat similar use by Heaviside in 1873. АП that I 
can claim is: to have brought forward a method which, if it has ever 
been used in practical work, has to all intents and purposes dropped 
out ; to have added some practical details and to have adapted it to 
modern uses ; and, I hope, to have shown that it is a most convenient 
and accurate one for every-day work. 

Mr. ALBERT CAMPBELL, in reply, said : The first point raised by wr. 

Mr. Glazebrook referred to the permanency of the nickel wires. Тһе C4mPbell 
metal is modern nickel, and not the nickel of five or six years ago. It 
gives a very low resistivity, and is very ncarly pure, although it is a 
commercial specimen. There is very little change, if any, in the nickel, 
if it is taken up to a red heat, and never again allowed to be so hot. So 

far as I have observed, one gets a repetition of results from time to time, 
but I do not think I have tested the pointsufficiently. I have only used 
nickel as an example here because it was the cheapest suitable metal. 


` 
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President. 
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Platinum can be used, in fact some of the experiments were made with 
platinum, and it certainly can be carried to a conveniently high tem- 
perature without practically having any change in it. As to the use of 
a thermal standard of current, I do not know if I pointed out that that 
bridge is compensated for temperature, so that the temperature of the 
enclosure does not matter. Тһе combination has to be standardised in 
the ordinary way by a Clark cell or silver voltameter, and it can ошу 
be taken as a secondary standard. As to Mr. Drysdale's remarks on 
some of ту alternate-current methods, I have not put all of them for- 
ward as the general methods. I think that the method of transforming 
up from a low resistance to an electrostatic voltmeter, if you have a 
suitable transformer, is. more convenient than a Kelvin balance. One 
can read the long-scale electrostatic instrument with great ease. It 
comes to rest in very much less than а minute, and one can read 
currents of all sizes with accuracy of perhaps onc in a thousand. I 
think that must be of general изе. As to the methods of measuring 
power which Mr. Drysdale criticised chiefly, I do not say that a watt- 
meter is not the best wav. But how are you going to calibrate vour 
wattmeter? I consider the method shown in Figure 8 one of the best 
methods of testing a wattmeter with inductive load. I think vou must 
use à method like that in order to calibrate vour wattmeters and to know 
that you are getting down to low power-factors. As to those which are 
like the 3-voltmeter method, I do not say that in most cases they arc 
desirable, but you certainly cannot always have a wattmeter to measure 
all the kinds of loads that may turn up. I have sometimes had to 
measure the watts spent in the inductive series coil of a watt-hour meter 
for 200 amperes, and perhaps o'2 of a volt. I scarcely think Mr. Drys- 
dale’s wattmeter would measure that load. One would require such 
а very wide range of wattmeters for all these cases. It is in the extreme 
cases like this, as I said at the beginning of my paper, that we want 
handy methods which are nearly as accurate as the standard methods 
and far more available. In an ordinary test-room one can usually find 
standard electrostatic voltmeters and resistance suitable. Of course 
one must be careful not to get cases with extreme errors, as Mr. 
Drysdale pointed out, but it is sometimes better even to have a small 
amount of error than no measurement at all. As to the difficulty with 
а varying load on an alternating motor, by using а proper clectrostatic 
voltmeter with oil damping, and switching back and forward a number 
of times, the error is minimised. 

On the motion of the PRESIDENT, a hearty vote of thanks was 
accorded to Mr. Crawley and Mr. Campbell for their papers. 


The PRESIDENT announced that the scrutinecrs reported the follow- 
ing candidates to have been duly elected :— 


Member : 
Ralph Gooch Tyler. 


—1 
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Associate Members : 


Percy Mayson Bennett. © William Y. Lewis. 

Arthur Edgar Gott. , William Alexander Moore. 

Jonathan Edward Hodgkin. | John Purrett. 

H. Tomlinson Lee. Charles Edwin Campbell Shaw- 
‚ field. 


Associates: 


Alfred Sydney Lyell Barnes. : Thomas McDonnell. 
Herbert John Dockrell, R.N. | James Scott Pringle. 
John Britton Hyde. ' George Schultz. 


Gerrard Edmund Wigram. 


Students: 

Churchill Knight. 
Charles William Lund. 
Arthur George Moore. 


Walter Arnold Blackburn. 
Norman С. Bridge. 
Christopher James Hutchinson 


Clapham. | Eldin Swanzy Moulden. 
Arnold Hanipden Fenton. ! Kenneth Wallace Sutherland. 
Joseph Goodman. | Thomas Taylor Tucker. 

John Wilham Griggs. Humphrey Guest Wightwick. 
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The Three Hundred and Sixty-Fourth Ordinary General 
Meeting was held at the Institution of Civil Engineers, 
Great George Street, Westminster, on Thursday evening, 


Мау 2, 1901, Professor JOHN PERRY, F.R.S., President, 
in the Chair. 


The minutes of the Ordinary General Meeting held on 
April 18, тоот, were read and confirmed. 


The names of new candidates for election into the 
Institution were announced, and it was ordered that the 
list should be suspended in the Library. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Associate 
Members— 


Albert P. Pync. | Alfred R. Sillar. 


From the class of Students to that of Associates— 
Percival Francis Crinks. | Wiliam Austin Toppin. 


Messrs. W. W. Cook and E. Garton were appointed 
scrutineers of the ballot for the election of new members. 


Donations to the Building Fund were announced as 
having been received since the last meeting from Messrs. 
W. Del Mar, Geo. Johnson, |. E. Stewart, and G. E. 
Wigram, to all of whom the thanks of the meeting were 
unanimously accorded. 


The PRESIDENT: Іп accordance with Article 45, it is 
my duty to read to you the list of Council nominations for 
election at the Annual General Meeting—the election of 
Council and Honorary Officers for 1901-1902 :- 
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MEMBERS NOMINATED BY THE COUNCIL FOR OFFICE 
ІМ 1901-1902. 


As President. 


Nomination. W. LANGDON. 


As Vice-Presidents (4). 


Remaining in Office. К. К. Gray. 
Major P. CARDEW, В.Е. 
New Nominations. $. Z. DE FERRANTI. 
JOHN GavEy. 


Ordinary Members of Council (15). 


H. H. CUNYNGHAME. С.В. 
HENRY EDMUNDS. 
ROBERT HAMMOND. 
Hvco HIRST. 
J. Е. KINGSBURY. 
A. J. Lawson. 
К. PERCY SELLON. 
C. P. SPARKS. 
Н. Е. HARRISON. 
Lt.-Col. Н. C. L. HOLDEN, R.A,, F.R.S. 
. | The Hon. C. А. Parsons, F.R.S. 
New Nominalions. W. Н. PATCHELL. 
J. H. RIDER. 
MARK ROBINSON. 
J. SWINBURNE. 


Remaining in Office. 


Associate Members of Council (3). 


ЖЕЛЕ МУ. К. CooPER, M.A., B.Sc. 
Remaining іп Office. iz W. WALLACE, K.C. 


New Nominalion. W. DUDDELL. 


As Hon. Auditors. 


For Re-Eleclion. i F. C. DANVERS. 
E. GARCKE. 
As Hon. Treasurer. 
For Re-Election. Prof. W. Е. AYRTON, F.R.S. (Past President). 
As Hon. Solicitors. 
For Re-Election. Messrs. WILSON, BRisTOWS, & CARPMAEL. 


The PRESIDENT: I have to announce that the Council 
has appointed a Committee to determine whether it can 
recommend the Council to take any action, and, if so, what 
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action, to assist the industry in connection with the matters 
dealt with in Mr. Madgen's recent paper. 

The Committee is anxious to inquire impartially into the 
matter, and to hear the views that may be put forward on all 
sides of the question. It has therefore determined, with 
the sanction of the Council, to ask for evidence from 
gentlemen representing different interests or views, and to 
consider such evidence carefully. A procedure in many 
respects similar to that of а Parliamentary Committee will 
therefore be adopted, proof offered by members and others 
will be circulated among the members of the Committee 
before the meeting, and this proof will then be discussed 
with the gentlemen presenting it. In order that the mass 
of evidence, which it is hoped may thus be obtained, shall 
not be lost, shorthand notes will be taken of the proceedings 
at the meetings. 


AN INSTRUMENT FOR MEASURING THE PER- 
MEABILITY OF IRON AND STEEL. 


Ву C. С. LAMB, M.A., B.Sc., Associate-Member ; and MILES 
WALKER, B.A., Associate. 


The instrument described in this paper has been designed 
to meet the demand for a simple, cheap, and reliable piece 
of apparatus for measuring the permeability of iron and 
steel. The authors have tried to construct an instrument 
which would be extremely simple to use, and whose calibra- 
поп should be dependent on such principles ав should 
render it incapable of alteration with time and with some- 
what careless usage. 

The principle adopted is that of balancing the reluctance 
of an air-gap against that of the specimen under test by 
means of altering the length of the air-gap. Since the 
reluctance of such an air-gap of given dimensions is in- 
variable, the accuracy of an instrument based on this 
principle depends only on the accuracy with which the 
dimensions of the air-gap can be measured, and the delicacy 
with which the point of balance can be ascertained. 

In order to fulfil both these conditions, the instrument, 
as first used, is made as shown in Fig. 1. The specimen to 
be tested consists of a bar, turned up to a definite diameter 
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(which we have taken as three-eighths of an inch), and about 
seven inches long. One end of this fits into an iron head 
B, provided with a hole of the right size to receive the speci- 
men. Any slight looseness in the fit 15: taken. up by the 
screw s, which draws together the two halves of the head, 
this being almost severed by a saw cut. Surrounding the 
specimen is a magnetising coil Е, and the head В fits into 
a recess turned in another magnetising coil. E, which is 
wound on the adjustable air-gap. The other end of the 
specimen is fixed to the yoke-piece С by the block ] and 
two set screws. Opposite the end of the head B is the flat 
face of an iron cylinder C, which is two inches in diameter 
and three and а half inches long. This slides freely, but 
with a good fit, through a hole in the yoke G, and can 
be moved parallel to its own axis by a screw D fixed rigidly 
to it, and working in a boss on the bracket K (fixed to the 
yoke G) by means of the handle H. This enables the 
operator very gradually to alter the length of the air-gap 
between B and the cylinder C. Тһе number of turns, and 
fractions of a turn, made by the screw are read on the scale 
and graduated head shown in the figure. 

In the instrument described, the coils E and F are wound 
with the same number of turns and are placed in series in 
such a manner that the magneto-motive forces on air-gap 
and specimen (which are in this case equal) act in the same 
direction—that is, they assist in creating the magnetic flux, 
the path of which lies through the specimen A, across the 
air-gap, along the cylinder C, and back by the yoke G to A. 
If the air-gap be so adjusted in length that its reluctance is 
equal to that of the specimen, then since the magneto- 
motive forces are the same for both, the flux of magnetism 
through each must be the same—that is to say, the whole ot 
the lines of force coming from the specimen A must cross 
the air-gap, and none will escape from the back face of B. 
If, however, the reluctance of A be greater or less than that 
of the air-gap, the whole of the head B will be тарпейвесі 
positively or negatively as the case may be. Its state may 
be indicated by means of a suspended magnetic needle 
placed in proximity to it. Тһе needle used as an index 15 
shown at N. It consists of a small curved steel bar pivoted 
on a jewel and needle point, and carrying an aluminium 
pointer. Тһе latter is protected from air currents by means 
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of a brass tube T, provided with two windows to observe 
the position of the index. These windows are covered with 
а slip of mica pushed into the tube. The whole arrange- 
ment can be detached at will by a thumb-screw. 

Although the instrument described above has an equal 
number of turns оп both specimen and air-gap, this is not 
essential, and we can easily show that any ratio can be used. 
Consider a circuit made up of an air-gap with. T, turns of 
wire on it, and a specimen with T2 turns of wire, and let it 
be a perfect circuit—that is, let no flux issue from it into the 
surrounding air. Let p; and p; be the respective reluctances. 
When a current of А amperes is passing round the coil, 
and the same flux F is passing round the whole circuit 
(neglecting for the time any reluctance in the rest of the 
circuit) we must have 


` ; Т 
“к= Атна вк = АТЫ н = p 


Hence by merely altering the ratio of the turns on the air- 
gap and specimen we can balance the reluctance of the 
specimens with different lengths of air-gap. This may be 
of advantage when we wish to measure the reluctance 
of specimens in the neighbourhood of their maximum 
permeability, or at very high inductions. 

The operation of testing a specimen after it is turned to 
the right diameter is as follows : it is placed inside the coil 
F, and one end is inserted into the head B, which 15 then 
placed in the recess provided in the coil E, and fixed there 
by a thumb-screw as shown in the figure. The block H is 
then fixed in position, and the coils E and F being properly 
connected, are put in series with a reversing key, an adjust- 
able resistance, an ammeter, and a few accumulator-cells. 
For the purpose of more finely adjusting the current we 
often prefer to connect the apparatus up, as shown in Fig. 2. 
The battery is placed in series with two resistances, con- 
veniently about то ohms and 1 ohm, and the contact arms 
of these resistances are used to carry the current to the rest 
of the circuit ; in fact, the current is supplied by a potential 
slide. This disposition, of course, entails some waste of 
current, but the advantage of being able very gradually to 
alter the current by small steps from zero to a maximum 
more than compensates for this disadvantage. This method 

VOL. XXX. 61 
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(which we have taken as three-eighths of an inch), and about 
seven inches long. One end of this fits into an iron head 
B, provided with a hole of the right size to receive the speci- 
men. Апу slight looseness in the fit 15: taken. up by the 
screw s, which draws together the two halves of the head, 
this being almost severed by a saw cut. Surrounding the 
specimen is a magnetising coil F, and the head B fits into 
а recess turned in another magnetising coil E, which is 
wound on the adjustable air-gap. Тһе other end of the 
specimen is fixed to the yoke-piece С by the block J and 
two set screws. Opposite the end of the head B is the flat 
face of an iron cylinder C, which is two inches in diameter 
and three and a half inches long. This slides freely, but 
with a good fit, through a hole in the yoke С, and сап 
be moved parallel to its own axis by a screw D fixed rigidly 
to it, and working in a boss on the bracket K (fixed to the 
yoke С) by means of the handle Н. This enables the 
operator very gradually to alter the length of the air-gap 
between B and the cylinder C. The number of turns, and 
fractions of a turn, made by the screw are read on the scale 
and graduated head shown in the figure. 

In the instrument described, the coils E and F are wound 
with the same number of turns and are placed in series in 
such a manner that the magneto-motive forces on air-gap 
and specimen (which are іп this case equal) act in the same 
direction—that is, they assist in creating the magnetic flux, 
the path of which lies through the specimen A, across the 
air-gap, along the cylinder C, and back by the yoke G to A. 
If the air-gap be so adjusted in length that its reluctance is 
equal to that of the specimen, then since the magneto- 
motive forces are the same for both, the flux of magnetism 
through each must be the same—that is to say, the whole of 
the lines of force coming from the specimen А must cross 
the air-gap, and none will escape from the back face of B. 
If, however, the reluctance of А be greater or less than that 
of the air-gap, the whole of the head B will be magnetised 
positively or negatively as the case may be. Its state may 
be indicated by means of a suspended magnetic needle 
placed in proximity to it. Тһе needle used as an index is 
shown at М. It consists of a small curved steel bar pivoted 
on a jewel and needle point, and carrying an aluminium 
pointer. Тһе latter is protected from air currents by means 
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of a brass tube T, provided with two windows to observe 
the position of the index. These windows are covered with 
a slip of mica pushed into the tube. Тһе whole arrange- 
ment can be detached at will by a thumb-screw. 

Although the instrument described above has an equal 
number of turns on both specimen and air-gap, this is not 
essential, and we can easily show that any ratio can be used. 
Consider a circuit made up of an air-gap with T, turns of 
wire on it, and a specimen with Т, turns of wire, and let it 
be a perfect circuit—that is, let no flux issue from it into the 
surrounding air. Let p; and рг be the respective reluctances. 
When a current of А amperes is passing round the coil, 
and the same flux F is passing round the whole circuit 
(neglecting for the time any reluctance in the rest of the 
circuit) we must have 


p Е = + AT, and p, F = T АТ», ог к = E 
Hence by merely altering the ratio of the turns on the air- 
gap and specimen we can balance the reluctance of the 
specimens with different lengths of air-gap. This may be 
of advantage when we wish to measure the reluctance 
of specimens in the neighbourhood of their maximum 
permeability, or at very high inductions. 

The operation of testing a specimen after it is turned to 
the right diameter is as follows : it is placed inside the coil 
F, and one end is inserted into the head B, which is then 
placed in the recess provided in the coil E, and fixed there 
by a thumb-screw as shown in the figure. The block H is 
then fixed in position, and the coils E and F being properly 
connected, are put in series with a reversing key, an adjust- 
able resistance, an ammeter, and а few accumulator-cells. 
For the purpose of more finely adjusting the current we 
often prefer to connect the apparatus up, as shown in Fig. 2. 
The battery is placed in series with two resistances, con- 
veniently about то ohms and т ohm, and the contact arins 
of these resistances are used to carry the current to the rest 
of the circuit ; in fact, the current is supplied by a potential 
slide. This disposition, of course, entails some waste of 
current, but the advantage of being able very gradually to 
alter the current by small steps from zero to a maximum 


more than compensates for this disadvantage. This method 
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will be found most convenient for all magnetic testing work. 
The amperemeter used is a Weston instrument reading to 
I'5 amperes, but we have marked a second scale on it whose 
readings give directly the magnetising force, H, applied to 
the specimen, allowance having been made, in a manner 
afterwards briefly to be described, for the loss of magneto- 
motive force in the joints and yoke of the instrument. It 
18 advisable before beginning a test to wipe out any 
magnetism that may be left in the instrument from a pre- 
vious test by applying a fairly large magnetising force (say, 
Н = 50), and reduce this through a series of reversals to 


Testing 
BOQPASALUS. 


FIG. 2. 


zero. The alternative method of connection enables this to 
be done with great convenience and accuracy. The current 
is then adjusted until the amperemeter reads a definite value, 
say H=5. The index needle will now be found hard over 
to one side, and if the current be reversed it will go hard 
over to the other side. The handle is then turned to lengthen 
or shorten the air-gap until the needle points to a central 
position. It is well to reverse the current once or twice 
before taking the final position of the handle so as to estab- 
lish well the cycle for that particular magnetising force. 
The reading of the scale ts then taken, and the calibration 
curves supplied with the instrument give the permeability 
or its reciprocal without any calculation. It is found that 
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the movement of the needle enables the adjustment of the 
right length of a gap to be made with the greatest precision. 
An alteration of about + of an inch is sufficient to 
disturb the balance. The degree of sensitiveness has been 
attained by having a strongly magnetised needle placed close 
to the head B, and controlled by a magnet so as to be just 
in stable equilibrium. А magnetised needle suspended 
parallel and near to a vertical iron-plate is unstable, in the 
absence of outside controlling force, and the function of the 
magnet is to make the position just stable. It is adjusted in 
position to put the needle in its central position when the 
process of demagnetisation has been gone through, and 
before the test is actually commenced. In order that the 
readings of the instrument should be the same on reversal 
of the current, it is, of course, necessary that this process of 
demagnetisation should have been so carried out as to leave 
the circuit completely devoid of magnetism. This is not, in 
general, possible, and in practice great accuracy in the de- 
magnetisation 1s not required. All that is necessary is to 
take readings for both directions of the current, and the 
mean of these is the true reading. This also greatly 
diminishes any effect of hysteresis іп the yoke. It.will be 
seen from Tables I. and IL, which give the readings in a 
few tests made on Lowmoor iron and mild steel, that at 
fairly high inductions the two readings differ but little ; at 
low readings the demagnetisation adjustment is more impor- 
tant. In obtaining the readings given in Table I. some care 
was taken in this respect, and in adjusting the needle exactly 
central by the control magnet ; in the case of Table II. no 
special care was taken, and yet the readings were found to 
be quite reliable. 

The scale-readings are found to. be perfectly consistent 
for one specimen, and the important question arises whether 
the calibration curve is the same for specimens differing 
widely in permeability. Тһе answer to that question is 
thoroughly satisfactory. Throughout the most important 
part of the magnetic curve, namely, the part dealing with the 
permeability at fairly high inductions, the readings of the 
instrument can be taken to measure the permeability within 
a fraction of 1 per cent. This was tested by obtaining the 
B-H curves of different specimens of material (viz., Low- 
moor iron, mild steel, and hard steel) by Professor J. A. 
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Ewing's double-yoke method,! and calibrating the instru- 
ment in the method described below. Since the dimensions 
of the specimen and gap are determinate and fixed, it would 
evidently be possible to engrave the cylinder so as to give 
the permeability (or its inverse) directly, but we found it 
convenient, in the first place, to read from an arbitrary scale 
of inches and roooths, and connect with these quantities by 
calibration curves shown in Figs. 3 and 4. Tested by 
means of these specimens, no distinction could be made 
between the values obtained with the different specimens 
within the limits of error of other measurements made in 
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FIG. 4. 


the observation. With regard to tests at low stages of the 
curve, 1415 doubtful if the use of small specimens is of much 
value for commercial purposes, since the behaviour of the 
iron under these low forces is so dependent on small 
accidents in its history that we can never be sure that the 
Specimen represents the bulk; should the permeability 
under these conditions be required, the best method would 
be to build up an instrument from the material under test, 
and measure its permeability directly by a ballistic method. 
It is hence not a matter of great importance that at low 
inductions the end joints introduce an error varying with 
the material under test. The nature of this error may be 


т Ewing on Magnetic Testing of Iron and Steel, Proc. Inst. C.E., vol. 
сххі., part 4. 
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considered as follows: the joints and yoke introduce a 
certain reluctance, and to drive the flux through this 
requires a magnetomotive force which is approximately 
proportional to the flux. It was found, for instance, that 
for an induction per square centimetre of 15,000 in а 
specimen of Lowmoor iron about 9 ampere turns were 
required to overcome the joint and yoke resistance ; the 
total ampere turns on the specimen was 298, so that 3 per 
cent. of the magnetomotive force was required for the joints 
and yoke. In a specimen of mild steel at the same flux- 
density the total ampere turns required was 350, so that the 
percentage expended on the yoke and joints was 27. In 
the graduation of the ampere meter we made an allowance 
of 2:85 per cent. at this part of the scale for the loss of 
ampere turns in the joint and yoke, so that the error at this 
point in reading H for either soft iron or mild steel was only 
of the order o'15 per cent. At lower densities the effect of 
the joints is somewhat more important. 

Details of the calibration of the instrument.—The calibra- 
.tion of the instrument was carried out in the following 
manner. Three pieces of Lowmoor iron were sawn ой 
from the same bar and turned to gauge. They were not 
annealed, since in some previously used specimens that had 
been carefully annealed a question had arisen as to a change 
with time of the condition of the specimens. These were 
then tested in pairs by Ewing's double-yoke method. Two 
of the specimens were found in this way to agree very nearly 
indeed throughout the whole curve of magnetisation, while 
the third differed slightly in the early stages. One of the 
former pair was taken as standard, and was tested very care- 
fully by the double-yoke method with the other as its return 
path. Тһе ballistic galvanometer used to measure B was 
one of Crompton's midget type of D’Arsonvals. То 
eliminate any slight irregularity in the law of the instru- 
ment, it was calibrated relatively throughout its scale by 
successive throws from a standard air coil, the current being 
measured on a Weston ammeter previously calibrated by a 
potentiometer. In the double-yoke method the reluctance 
of the joints can be very accurately determined, and this 
enables a good estimate of the joint reluctance to be made 
in one instrument when the standard specimen was put in 
place. There are then two methods of arriving at the value 
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of H in the specimen when any measured current is passing 
round the magnetic coil. The first method, which was most 
accurate at high flux-densities when a large change in H 
makes but a small change in B, is to take the total magneto- 
motive force produced by the magnetising coil, and to 
deduct the known small magnetomotive force required for 
the joints, &c., and divided by the effective length of the 
specimen. The second method, which was relied. on at 
lower flux-densities, where the joint-effect might be expected 
to be most variable in relation to the reluctance of the 
specimen, is to measure B in the sample by means of a 
search coil, and deduce the corresponding value of H from 
the calibration curve of the specimen. The two methods 
agree well between themselves at these points where they 
can be both applied. In this way a curve was made con- 
necting the current in the magnetising coil of the instru- 
ment, and the value of H applied to the specimen when the 
instrument is properly balanced. Ву means of this curve а 
second scale was marked on the Weston ammeter on which 
the H can be directly read off. The correction is the same 
for any instrument made of the same dimensions, and hence 
has only to be determined once for all for any set. Тһе 
readings of the screw head were now taken for various 
values of H, and a curve was plotted with length of air-gap 
as abscissa and і/ш as ordinate. This curve is given in 
Fig. 3. It will be seen that this curve begins with a straight 
line part pointing a little beyond the zero point, which 
means that with zero air-gap there is still some reluctance 
due to joints and yoke. Ав the air-gap is lengthened, the 
reluctance is at first increased proportionately, but as the 
gap gets longer still the field spreads more sideways, and a 
more than proportional increase in length is required to 
produce the same result in air-gap reluctance. A calculation 
of the reluctance of the air-gap when quite short gives а 
value agreeing exactly with the reluctance of the specimen 
as determined by the double-yoke method. 

After this curve had been obtained for Lowmoor iron, a 
similar test was carried out with rods of mild steel, and it 
was found that the curve connecting air-gap length and іш 
(see Fig. 3) was the same as that for the Lowmoor iron. 
T wo specimens of hard steel were then similarly dealt with, 
and the curve was further extended by this means. Тһе 
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TABLE 1. 
LOWMOOR IRON. 
Length of Air-gap in Inches. 
Current in 
Coil in H B Lx 10? 
Amperes. u Readings with current in Mean 
each direction. Reading. 
| | | 
0'03 I'42 1,180 I'20 0'204 0'205 0'205 | 
0'04 1°88 2,100 о O'129 07139 07135 
0'05 2°32 3,400 o'6 0'097 0103 O'I00 
0°06 2°78 ‚500 0'62 pa he 0'090 | 
оо8 3:68 450 | 05 0'079 0'083 o'o81 
O'IO 4'58 7,950 0°5 о'о8О 0'082 о`о8т | 
O'IS 6905 | 10,550 | 066 | оо08 O'IOI очоо | 
0'20 9'35 12,000 0'78 0'123 0'123 07123 
0°30 14°30 13,750 1°04 01983 o'185 o'184 | 
0°40 19:20 14,620 I'31 0'230 0'235 0°233 
0°50 24720 15,210 гбо 0'300 0300 0'300 | 
0°60 29°50 15,600 I'9O 0°363 0'363 0°363 
o'8o 39°20 16,050 2°45 0'500 O'500 O'500 | 
I'OO 49'20 16,350 3'03 0643 0643 0643 | 
I'IO 5500 16,600 23 0'710 0'720 0'715 
I'IS 5650 16,660 23 0'750 0'750 0°750 
1:20 59:20 16,700 3°55 0'7 0'790 0'785 
1°30 64°20 16,800 394 0'851 0°867 0'859 
1'40 бото 16,950 4°10 0'935 0'945 0940 | 
TABLE ІІ. 
MILD STEEL. 
Length of Air-gap in Inches. | 
Current in | 
Coil in B Ix 103 
Amperes. Readings with current in Mean | 
each direction. Reading. | 
0°04 1'97 388 5:08 1'065 I'120 1093 | 
0°06 2°95 738 400 0'766 0'914 0'840 | 
0'08 3'92 1,340 293 0°5 0:617 о597 | 
O'IO 4 2,235 2:17 0°385 0'425 оао | 
O'I5 717 5,280 1°36 0°24 0245 0'245 ` 
0'20 9'50 7,550 1:26 0'22 0'227 0:228 
0°30 14°30 10,550 1°35 0'253 0'246 0'250 | 
0'40 19°30 12,310 1°56 0'300 07202 0°296 
0°60 29°10 14,120 2°03 0°420 O'412 0°416 | 
0°80 29710 15,020 2:60 0'552 0'548 0'550 
I'OO 49°10 15,650 3714 0'692 о 5 0:6 | 
1720 509710 16,000 270 0:836 o'82 0:832 
I'40 69'10 16,350 4:23 ood o'981 0993 
1'60 (910 16,600 4777 1146 1°133 17135 
1'80 900 16,900 5:27 17308 1:302 1305 
200 9900 17,100 5779 1°518 1'504 511 
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calibration of the instrument as a measurer of и was then 
drawn in the following way. Тһе first part of Fig. 3 was 
taken as linear, and the reciprocals of the ordinates of this 
curve were taken as the ordinates of Fig. 4; the rest of the 
curve was plotted by taking the reciprocals of the curve in 
Fig. 3. For many purposes, however, the curve in Fig. 3 is 
itself the more useful. 


Mr. S. EvERsHED : I think the last occasion on which we had an 
instrument of this kind brought before us was at a meeting some years 
ago, when Professor Ewing described an instrument for the same 
purpose, by which the reluctance of the sample was measured in- 
ferentially by the force necessary to remove it from its place in a 
magnetic circuit. I ventured at that time to make some perhaps un- 
favourable criticisms on Professor Ewing's instrument ; and I may say 
I feel to some extent justified, because we have here to-night, coming 
from Cambridge, a much better instrument ; in fact, it seems to me to 
be the first instrument based on the correct principle, comparing the 
reluctance of an indefinite thing with such a very definite thing as an 
air-gap. I congratulate the writers of {һе paper on the very simple 
way in which they have carried out the idea; but I should like to 
suggest to them that other methods of varying the reluctance of an 
air-gap might be tried with advantage. In particular I would suggest, 
although I do not know how it is to be applied to the instrument 
before us, that two flat plates of iron capable of motion in parallel 
planes and keeping the air-gap constant, might prove of some 
advantage, because it would have a straight line law over a much 
longer range. I have only used that type of air-gap in electro- 
magnets, where it has the great advantage that the force can be calcu- 
lated. The reason for that is that the fringe around, which does not go 
through what one may call the geometrical air-gap, is constant when you 
have two surfaces moving in parallel planes. Itis constant very much in 
the same way as the electrostatic leakage from a Thomson electrostatic 
voltmeter is constant. І only suggest this as a possible way in which 
the authors' very ingenious instrument could have its range enormously 
extended. I cannot say that I have ever myself done anything in the 
direction of making an instrument for measuring the reluctance of iron. 
I have been more interested in measuring the qualities of magnetic 
steel ; and there I must confess to having failed in devising any sort of 
instrument which would be fit for commercial purposes. All instru- 
ments seem to me to fail in one particular, namely, that you cannot 
easily prepare samples for them ; you want the instrument built to fit 
the particular kind of steel or iron which you have to test. И you buy 
your iron or steel in bars, the instrument ought to be capable of 
dealing with short lengths of those bars. I can quite understand, for 
instance, that a manufacturer of dynamos who bought steel castings 
would like to test each individual casting before machining it. Great 
expense is incurred in machining and casting ; and it is somewhat 
disheartening if, afterwards, the casting turns out badly. It would be 
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TABLE I. 


LowMOOR IRON. 


Length of Air-gap in Inches. 


Current in | 
Coil in H B Y x 1o? 
Amperes. м Readings with current in Mean 
each direction. Reading. 
0'03 1'42 1,180 I'20 0'204 0'205 0'203 
0'04 1'88 2,100 o'89 07120 01139 0°135 
0°05 2°32 3,400 0°68 0'097 0'103 O'100 
0'06 2°78 4,500 0°62 2550 O'OQI O'0gO | 
оо8 3:68 6,450 0°57 0'079 0'083 o'o81 
эж, 4:58 7,950 0°58 0080 0082 o'o81 
0715 6:95 10,550 0°66 0098 O'IOI O'IO0 
0'20 9'35 12,000 0'78 07123 0123 07123 
0°30 14:30 13,750 I'04 0:183 o'185 07184 
0'40 19:20 14,620 ІЗІ 0230 07235 0*233 
0°50 24:20 15,210 1'60 0'300 0'300 0300 | 
0°60 29°50 15,600 1'90 0:363 0'363 0:363 
o'8o 39°20 16,050 2°45 0'500 O'500 0'500 
I'O0 49'20 16,350 303 0643 0:643 07643 
I'IO 5500 16, 23 0'710 0'720 0715 
1715 5650 16,660 472 0'750 0'750 07750 
I'20 59'20 16,700 3°55 0'780 о7 0%65 
| 


TABLE ІІ. 


MILD STEEL. 


Length of Air-gap in Inches. 


Current in 
Coil in H B tx 10° 

Amperes. ш Readings with current in Mean 

each direction. Reading. 

0'04 1'97 388 5:08 1'065 I'120 1'093 
0°06 2°95 738 4°00 0766 о914 0:840 
o'o8 3'92 1,340 293 0'576 0:617 0'597 
O'IO 4:96 2,235 2:17 0'385 0'425 O'410 
0715 717 5,2 1°36 0'24 0'245 0'245 
0'20 9'50 7,550 1:26 0'22 0'227 07228 
0'30 14'30 10,550 135 07253 0'246 0'250 
040 19°30 12,310 1:56 0'300 0:292 0:296 
0'60 207110 14,120 2'03 07420 0'412 0'416 
о'8о 39°10 15,020 2°60 0'552 о 548 0550 
ГОО 40710 15,650 314 0'692 0:6 5 0'689 
I'20 5010 16,000 270 0'836 o'82 0'832 
I'40 69'10 16,350 4°23 о o 0981 0'983 
I'60 9'IO 16, 4777 І 136 1°133 I'135 
r'8o 9:00 16,000 5:27 1:308 1302 1:305 
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calibration of the instrument as a measurer of и was then 
drawn in the following way. Тһе first part of Fig. 3 was 
taken as linear, and the reciprocals of the ordinates of this 
curve were taken as the ordinates of Fig. 4; the rest of the 
curve was plotted by taking the reciprocals of the curve in 
Fig. 3. For many purposes, however, the curve in Fig. 3 is 
itself the more useful. 


Мг. S. EVERSHED: I think the last occasion on which we had an 
instrument of this kind brought before us was at a meeting some ycars 
ago, when Professor Ewing described an instrument for the same 
purpose, by which the reluctance of the sample was measured in- 
ferentially by the force necessary to remove it from its place in a 
magnetic circuit. I ventured at that time to make some perhaps un- 
favourable criticisms on Professor Ewing's instrument ; and I may say 
I feel to some extent justified, because we have here to-night, coming 
from Cambridge, a much better instrument ; in fact, it seems to me to 
be the first instrument based on the correct principle, comparing the 
reluctance of an indcfinite thing with such a very definite thing as an 
air-gap. I congratulate the writers of the paper on the very simple 
way in which they have carried out the idea; but I should like to 
suggest to them that other methods of varying {һе reluctance of ап 
air-gap might be tried with advantage. Іп particular I would suggest, 
although I do not know how it is to be applied to the instrument 
before us, that two flat plates of iron capable of motion in parallel 
planes and keeping the air-gap constant, might prove of some 
advantage, because it would have a straight linc law over a much 
longer range. І have only used that type of air-gap in electro- 
magnets, where it has the great advantage that the force can be calcu- 
lated. The reason for that is that the fringe around, which does not go 
through what one may call the geometrical air-gap, is constant when you 
have two surfaces moving in parallel planes. It is constant very much in 
the same way as the electrostatic leakage from a Thomson electrostatic 
voltmeter is constant. І only suggest this as a possible way in which 
the authors' very ingenious instrument could have its range enormously 
extended. I cannot say that I have ever myself done anything in the 
direction of making an instrument for measuring the reluctance of iron. 
I have been more interested in measuring the qualities of magnetic 
steel ; and there I must confess to having failed in devising any sort of 
instrument which would be fit for commercial purposes. All instru- 
ments seem to me to fail in one particular, namely, that you cannot 
casily prepare samples for them ; you want the instrument built to fit 
the particular kind of steel or iron which you have to test. И you buy 
your iron or steel in bars, the instrument ought to be capable of 
dealing with short lengths of those bars. I can quite understand, for 
instance, that a manufacturer of dynamos who bought steel castings 
would like to test each individual casting before machining it. Great 
expense is incurred in machining and casting; and it is somewhat 
disheartening if, afterwards, the casting turns out badly. It would be 
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much bctter if we could get an instrument that would test the iron in 
bulk. I think this point was touched upon by Mr. Mordey in the 
discussion оп Professor Ewing's instrument ; and I only mention it 
now in the hope that the writers of the paper will be:able to bring 
us some day an instrument which will do in bulk what this does for 
samples. 

Мг. ХУ. B. Esson: Might I ask if the instrument is in the market ? 
I observe Mr. Lamb describes the method of using the tester, from 
which it appears that, in order to work the instrument, you have to 
arrange a good deal of apparatus in the laboratory. What we want 
is something we can get into a small box, with the battery complete, 
so that we can take it to the bench and, by turning a handle or 
depressing a kev, get a reading without any further trouble. 

Mr. R. Наммохр: For many years of my life I was very closelv 
connected with the manufacture of iron and steel. My thoughts were 
then directed to the various mixtures that had to go into the blast 
furnace, and in the Siemens-Martin furnace for the manufacture of 
stecl. I have often been struck with the slight attention which has 
been given to the fact of how varied must be every brand of stecl that 
issues even from the same works. Those who have to do with the 
manufacture of iron and steel know how the ores dug from the 
earth may vary though they have come from the same mines. I 
had great parcels of ore, many hundreds of tons at a time, from 
the Bilbao district; they were all carefully analysed, and we very 
rarely got a parcel of iron ore which was all of the same quality. 
'Then the coke used in the furnace varied also, with the result that the 
finished steel also varied slightly, though you might buy it always from 
the same firm. What I wished to emphasise was the immense im- 
portance of the authors of this paper turning their attention to the 
testing of iron in bulk, and not to be contented with an instrument 
that tests only a small sample, because the practical man, like Mr. 
Esson, wants constantly to apply the test, even though his steel is 
supplied to him always from the same works. This is an instrument 
which is in the right direction ; but we want an instrument that will 
dcal with iron in bulk rather than with samples. 

Mr. C. V. DryspaLeE: The instrument which Messrs. Lamb and 
Walker have shown us this evening adds yet another to the long list of 
beautiful instruments for the testing of the magnetic qualities of iron 
and stecl which have emanated from Cambridge, and it is certainly not 
the least interesting or perfect of them. The balancing of the re- 
luctance of the test specimen against so definite a thing as an air-gap 
is certainly a grcat advance over the methods which involve the use of 
a previously standarised specimen. It seems a pity, however, that in 
making this advance over the ordinary comparison tests that Messrs. 
Lamb and Walker have not been able to produce an instrument which 
is absolutely independent of previous calibrations. It is not easy to 
criticise an instrument of this kind without having had a considerable 
practical experience with it, but at first sight it would appear that by 
increasing the size of the yoke and paying special attention to the 
design of the contracts an absolute instrument might have been 
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produced. I presume, however, that Messrs. Lamb and Walker have 
given attention to this point, and have found it impossible to attain such 
a result. | 

I venture to think that any one who has had much experience 
іп the testing of the magnetic qualities of iron would always greatly 
prefer not to have to depend upon a calibration curve issued with the 
instrument, however permanent its construction may be. If this 
instrument is made commercially, and the calibrations are performed 
by the inventors themselves, every one would have confidence in 
them, but it is another thing if the calibration is to be performed by 
the manufacturer, and the instrument does not, unfortunately, lend 
itself well to a check by any independent method. 

Another point I would like to ask the authors of the paper is 
whether thev consider that the parts of the instruments can be so 
standardised that the same calibration would do for all the instruments. 
If the voke and magnetic contacts were made heavier аз sug- 
gested above, it seems to me that this might be the case; but where 
the reluctance of the yoke bears an appreciable proportion to that of 
the specimen, as it appears to do in the instrument shown, I question 
whether this would be so. It would of course greatlv reduce the cost 
of the instruments if they had not to be individually calibrated. 

A feature which seems to somewhat limit the use of the instrument 
is the reluctance of the air-gap, which would apparentlv prevent a high 
flux densitv being reached in the specimen without an unduly large 
magnetising force. I do not notice in the paper that anything is said 
as to the maximum induction density obtainable. 

A further point which appears to me a somewhat serious one is that, 
as the permeability of the specimen increases, the air-gap has to be 
reduced to produce balance. At a permeabilitv of 2,500, for instance, 
it would appear from the curve in Fig. 4 that the reading on the screw- 
head is only o'04. I have not gone into the matter sufficiently to see to 
what accuracy the reading can be taken, but it seems disadvantageous 
at first sight that the readings of the highest permeability, which are 
generallv required with the greatest accuracy, should be liable to the 
greatest error owing to the smallness of the reading. 

I should like to mention a matter which is of the utmost importance 
as affecting the whole question of the testing of magnetic iron or steel : 
that of the nature of the cyclic operations to which the specimen is 
subjected. In every instrument for the testing of magnetic qualities 
which we have had up to the present, the specimen is subjected to an 
alternating magnetic stress, but in a large number of instances in 
practice the iron is traversed by a rotating magnetic field. This is, for 
instance, the case in dynamo armatures, in the stators and rotors of 
polyphase machines, and in polyphase converters. 

I have recently been giving a considerable amount of attention to 
the testing of iron in rotating ficlds, and have devised two or threc 
methods by which the B. H. Cycle can be obtained under these con- 
ditions. Тһе cycles so obtained are absolutcly different from those 
obtained in alternating fields, and I would suggest that in future any 
instruments which are brought forward for the testing of the magnetic 
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qualities of iron or steel should be designed with this point in view, 
although of course it is not by any means so easy a matter to investi- 
gate as the ordinary alternating cycle. The importance, however, of 
this matter cannot bc overrated, as is shown by the results as to hys- 
teresis loss in rotating fields of Professor Francis Baily. Professor 
Baily has shown that the hysteresis loss of iron in a rotating field mav 
be 5o per cent. higher or very much lower at different induction 
densities than that of the same specimen in an alternating field. So 
far as I am aware, dvnamo builders still design their machines, using 
the ordinary Steinmetz formula for the calculation of the hysteresis 
1055. This formula is absolutely inapplicable to rotating fields, and it 
is to be hoped that in future we shall have instruments capable of 
easily testing our magnetic materials under the actual conditions in 
which they are used. 

In conclusion I should like to congratulate Messrs. Lamb and 
Walker on the portability and self-contained nature of the instrument 
they have produced. It appears to be a considerable advance in this 
respect upon most of the ponderous permeameters which we have 
been accustomed to use. 

Mr. С. С. LAMB (in reply): Mr. Evershed’s ‘point is one we have 
considered ; but it was found difficult to make an instrument of the 
sort he mentions. It may be possible to overcome that difficulty later 
on. In this casc the range can be extended by having a different 
number of windings on specimen and gap. Тһе question of testing 
cast-stecl in bulk is a most difficult one, but I believe that, up to the 
present, all methods have proved impracticable when tried on steel in 
bulk. It is a very important question, and it must be very seriously 
gonc into. In reply to Mr. Esson's query, the instrument is not vet 
in the market, but will shortly be so. I think if Mr. Esson tries this 
instrument he will find it very simple. It does not claim to be a more 
accurate instrument than Professor Ewing's magnetic bridge, but we 
think it is more simple, and more convenient in operation. 

On the motion of the President, the thanks of the mecting were 
unanimously accorded to Messrs. C, G. Lamb and Miles Walker for 
their paper. 


A WATT-HOUR METER. 
By FRANK HOLDEN, Member. 


One of the earliest schemes for the measurement of 
ampere- or watt-hours was to have an ampere- or watt- 
meter, or, commonly, something apparently assumed to be 
one or the other, to indicate a distance or angle propor- 
tional to the amperes or watts, and, combined with this 
instrument, an arrangement for recording this angle or 
distance, and making a summation of the records. The 
final sum would, with a perfect instrument of this kind, be 
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proportional to ampere- or watt-hours for the period during 
which the summation took place, at least very closely on 
commercial circuits of almost any character if the instru- 
ment were allowed to record for a considerable time. | 

This is true for the reason that, while а considerable 
percentage of the individual readings may be in error, yet 
when a large number of these readings are made, these 
errors practically cancel out, as positive апа negative errors 
of each particular size are equally likely to occur. 

An examination of almost every if not every meter of 
this type shows that it either had an apparatus not suffi- 
ciently accurate in indicating the angle or length propor- 


FIG. I. 


tional to the watts, or was deficient in means for recording 
the same, even were it correctly indicated, and not uncom- 
monly there was trouble in both respects. In addition to 
these difficulties, there was commonly an electrically-wound 
clock that would not work for any extended period of 
time. 

The meter which is the chief subject of this paper does 
not, perhaps, in strictness, belong to this class, but it more 
resembles these meters than any others that have been here- 
tofore described. For the purpose of comparison, and for 
illustrating how this idea has been carried into practice here- 
tofore, one of the most intelligently designed and successful 
of these meters, the Frager, will be described. 1415 shown 
diagrammatically in Fig. 1. 
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qualities of iron or steel should be designed with this point in view, 
although of course it is not by any means so easy a matter to investi- 
gate as the ordinary alternating cycle. The importance, however, of 
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far as I am aware, dvnamo builders still design their machines, using 
the ordinary Steinmetz formula for the calculation of the hysteresis 
loss. This formula is absolutely inapplicable to rotating fields, and it 
is to be hoped that in future we shall have instruments capable of 
easily testing our magnetic materials under the actual conditions in 
which they are used. 

In conclusion I should like to congratulate Messrs. Lamb and 
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they have produced. It appears to be a considerable advance in this 
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cast-stecl in bulk is a most difficult one, but I believe that, up to the 
present, all methods have proved impracticable when tried on steel in 
bulk. It is a very important question, and it must be very seriously 
gone into. In reply to Mr. Esson's query, the instrument is not vet 
in the market, but will shortly be so. I think if Mr. Esson tries this 
instrument he will find it very simple. It does not claim to be a more 
accurate instrument than Professor Ewing's magnetic bridge, but we 
think it is more simple, and more convenient in operation. 

On the motion of the President, the thanks of the meeting were 
unanimously accorded to Messrs. C. G. Lamb and Miles Walker for 
their paper. 
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One of the earliest schemes for the measurement of 
ampere- or watt-hours was to have an ampere- or watt- 
meter, or, commonly, something apparently assumed to be 
one or the other, to indicate a distance or angle propor- 
tional to the amperes or watts, and, combined with this 
instrument, an arrangement for recording this angle or 
distance, and making a summation of the records. The 
final sum would, with a perfect instrument of this kind, be 
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proportional to ampere- or watt-hours for the period during 
which the summation took place, at least very closely on 
commercial circuits of almost any character if the instru- 
ment were allowed to record for a considerable time. | 

This is true for the reason that, while а considerable 
percentage of the individual readings may be in error, yet 
when a large number of these readings are made, these 
errors practically cancel out, as positive and negative errors 
of each particular size are equally likely to occur. 

An examination of almost every if not every meter of 
this type shows that it either had an apparatus not sufh- 
ciently accurate in indicating the angle or length propor- 
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tional to the watts, or was deficient in means for recording 
the same, even were it correctly indicated, and not uncom- 
monly there was trouble in both respects. In addition to 
these difficulties, there was commonly an electrically-wound 
clock that would not work for any extended period of 
time. 

The meter which is the chief subject of this paper does 
not, perhaps, in strictness, belong to this class, but it more 
resembles these meters than any others that have been here- 
tofore described. For the purpose of comparison, and for 
illustrating how this idea has been carried into practice here- 
tofore, one of the most intelligently designed and successful 
of these meters, the Frager, will be described. И is shown 
diagrammatically in Fig. 1. 
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In this figure, “W” is a watt dynamometer, the fine 
wire coil of which, suspended by a wire, carries а pointer, 
the end of which moves over the sheet metal snail or 
spiral “ S." 

An electrically-driven clock device uniformly rotates the 
vertical shaft carrying the snail, which makes one revolution 
every two to five minutes, depending on the size of the 
meter. With this also rotates a pawl, * P," which lies over 
the circular rack “В,” which is geared to the indicating 
dials. 

The snail revolves until the wedge at the end of the 
pointer meets the metallic arc, when the pointer end with 
the wedge is raised until the pointer is locked by being 
pressed upward against the milled under-surface of a bridge 
piece * B," under which it moves freely until the recording 
operations begin. 

In time, the pointer end passes over the radial edge of 
“A,” which also revolves, and, dropping on to the snail, 
depresses it, causing the pawl *P" to engage the rack, 
when the latter begins to revolve with the snail, and con- 
tinues to rotate until the pointer passes over the edge of the 
snail, when the latter raises and releases the pawl. The 
angle of rotation depends on the angle of the arc traced by 
the pointer on the snail, and this angle is dependent on the 
shape of the bounding curve and the position of the pointer 
just before and during the making of the record. It is 
evident that, by properly shaping the bounding curve of the 
snail, this instrument could be made to indicate watt-hours 
under ideal conditions. 

Taking into consideration the length of the pointer, 
23 cm., and one's general experience with reading of instru- 
ments at zero, it does not seem likely that a reading of 
the pointer high or low of r'5 mm. would be other than 
common. The length indicated by the pointer on the 
circular edge of “А” at full load is 76 mm., so this would 
mean an error of 2 per cent. at full load, 8 per cent. at 
quarter, 20 per cent. at one-tenth, and до per cent. at опе- 
twentieth load ; and a displacement of even o7 mm. would 
mean errors nearly as great as one-half these values. 

Another source of error is in recording the deflection of 
the pointer, but in this particular instrument the error in 
doing this must be very slight, as the length of the arc 
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traced on the snail by the pointer when the load 15 as low 
as 2 per cent. of the full load is то mm., which could be re- 
corded on the circular rack within 2 or 3 per cent. without 
necessitating too great structural refinement. When the 
load is double this, the arc on the snail becomes 20 ішіп, 
long, which, with the same refinement, would be measured 
within about 1 per cent., while above this the errors would 
certainly be negligible. 

As there are a finite number of teeth, it follows that 


the distance moved by the pawls engaging the rack will not, 
in general, be an exact multiple of the space of one tooth of 
the rack, so that, in general, each record would be too low 
by some fraction of one tooth. But the error from this 
source may be eliminated by setting the pointer to read a | 
little high at zero. 

The fatal feature of this then, as a measuring instrument, 
would appear to be the impossibility of getting sufficiently 
accurate reading at low loads with so short scale as 76 mm., 


946 HOLDEN: A WATT-HOUR METER. [Мау 2nd, 


In this figure, “W?” is а watt dynamometer, the fine 
wire coil of which, suspended by a wire, carries а pointer, 
the end of which moves over the sheet metal snail or 
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An electrically-driven clock device uniformly rotates the 
vertical shaft carrying the snail, which makes one revolution 
every two to five minutes, depending on the size of the 
meter. With this also rotates a pawl, * P," which lies over 
the circular rack *R," which is geared to the indicating 
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The snail revolves until the wedge at the end of the 
pointer meets the metallic arc, when the pointer end with 
the wedge is raised until the pointer is locked by being 
pressed upward against the milled under-surface of a bridge 
piece “ B,” under which it moves freely until the recording 
operations begin. 

In time, the pointer end passes over the radial edge of 
“A,” which also revolves, and, dropping on to the snail, 
depresses it, causing the pawl “Р” to engage the rack, 
when the latter begins to revolve with the snail, and con- 
tinues to rotate until the pointer passes over the edge of the 
snail, when the latter raises and releases the pawl. The 
angle of rotation depends on the angle of the arc traced by 
the pointer on the snail, and this angle is dependent on the 
shape of the bounding curve and the position of the pointer 
just before and during the making of the record. It is 
evident that, by properly shaping the bounding curve of the 
snail, this instrument could be made to indicate watt-hours 
under ideal conditions. 

Taking into consideration the length of the pointer, 
23 cm., and one's general experience with reading of instru- 
ments at zero, it does not seem likely that a reading of 
the pointer high or low of r'z mm. would be other than 
common. The length indicated by the pointer on the 
circular edge of “А” at full load is 76 mm., so this would 
mean an error of 2 per cent. at full load, 8 per cent. at 
quarter, 20 per cent. at one-tenth, and до per cent. at one- 
twentieth load ; and a displacement of even 07% mm. would 
mean errors nearly as great as one-half these values. 

Another source of error is in recording the deflection of 
the pointer, but in this particular instrument the error 1n 
doing this must be very slight, as the length of the arc 
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traced on the snail. by the pointer when the load is as low 
as 2 per cent. of the full load is ro mm., which could be re- 
corded on the circular rack within 2 or 3 per cent. without 
necessitating too great structural refinement. When the 
load is double this, the arc on the snail becomes 20 mm. 
long, which, with the same refinement, would be measured 
within about 1 per cent., while above this the errors would 
certainly be negligible. 

As there are a finite number of teeth, it. follows that 


the distance moved by the pawls engaging the rack will not, 
in general, be an exact multiple of the space of one tooth of 
the rack, so that, in general, each record would be too low 
by some fraction of one tooth. But the error from this 
source may be eliminated by setting the pointer to read a 
little high at zero. 

The fatal feature of this then, as a measuring instrument, 
would appear to be the impossibility of getting sufficiently 
accurate reading at low loads with so short scale as 76 mm., 
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and this has been the general failing of all instruments of 
this class. 

Instruments of this type have, in the past, been so 
uniformly unsuccessful and short-lived, that it would seem 
a most unpromising field in which to work. However, 
they have for the most part, if not always, failed for very 
specific defects in either the clock-winding or measuring 
part, which it seems one could have foretold as being fatal 
ones ; at least, one can see it plainly now. 
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In the meter to be described, there has been an attempt 
at avoiding these defects by what are, in so far as the writer 
knows, new constructions, both in the clock-winding 
and the measuring mechanism. 

The measuring part of this meter is shown diagrammati- 
cally in Figs. 2, 3, and 4, in which “С, C" aresthe main 
current coils, partly enclosing the shunt coils “Б, D," 
which are mounted on the vertical axis “В.” In the con- 
struction as shown here, it was intended to connect the 
coils astatically, so as to avoid any disturbing effect of the 
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It may quite possibly require some “ тап-ро\усг” to keep it in 
working order. I think probably all clock meters will. I found it 
verv difficult to classify Mr. Holden's meter. We are quite accus- 
tomed, or were quite accustomed, to the idea of “feeler” meters, 
of which the Frager meter may be taken as a tvpe; but I cannot 
help thinking that what Mr. Holden has said about the Frager meter 
may be regarded as a sort of funeral oration for all fecler meters. 
What he says is, perhaps, a little misleading, because he rather implies 
that his own meter belongs to that class, whereas it is really based on 
a totally different principle. In one sense all meters are motor meters ; 
and all you really have to do is to drive the counting mechanism. In 
most meters you have incidentally to drive a lot of other things. For 
example, there is one meter in which the current drives an escapement 


brake and at the same time varies the period of the escapement. Another, · 


in which there are two motors with escapement brakes going at slightly 
different rates, their relative periods being controlled by the watts: 
that is the Aron meter. Then there is a very curious {уре of 
motor meter—I do not know whether it has ever been properly 
described—in which you cause a motor to carry buckets full of some- 
thing (I do not know what) from one plate to another plate, and tip 
the buckets out when they get to the other side—a sort of endless- 
chain arrangement. The quantity of stuff delivered by the buckets is 
proportional to the current, and all you have to do is to weigh it or 
measure its volume. We call the affair an electrolytic meter, but it is 
only an electric motor devised by nature. The electrolysis motor 
only appears to be extremely simple because you cannot sce all the 
wheels. 

Finally, we have the simple motor meter, in which an ordinary 
electric motor works against a Fougault-current brake; and, in my 
opinion, that is the simplest meter of all. I naturally think so now, 
because, as you know, I have pinned my faith to it; but I pinned my 
faith to this type of meter long before I devised the particular example 
which I described to you last year. I think that meters containing 
clocks which close contacts, and so on, are only devised to avoid the 
supposed difficulty of making the commutator of a meter work spark- 
lessly and without friction for long periods ; and also to get rid of the 
friction of an ordinary motor. Those two difficulties did not, years 
ago, seem to me to be absolutely insuperable ; and I have now the best 
of reasons for believing that they are not so. As a matter of fact, I вес 
no essential difference between making and breaking a contact by means 
of a clock, and making and breaking a contact in a commutator, except 
that when you make and break by means of a clock you probably get a 
spark, and when you make and break by means of a commutator you 
can easily avoid serious sparking. When you contrast any of the meters 
containing clocks which make and break circuits, and in that way 
inferentially measure the electrical power being supplied, with the plain 
motor meter driving a brake, you are at once struck with the fact that 
the ordinary motor meter has only one moving part ; and if that part 
can only be made properly, it should give very much less trouble and 
require very much less attention than a meter containing a number of 
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moving parts such as a clock meter must contain. The only reason the 
Aron meter has been so successful is that it is so perfectly made. I do 
not wish to imply that the Aron meter in the future is not going to be 
perfectly made, but I think that astime goes on and competition becomes 
keen there will be a great temptation not only to reduce the number of 
parts in the meter, but also to reduce the workmanship, in order to make 
them cheaper ; and then will come the time when the difficulties with 
clock meters will come in. I do not say there are not difficulties with 
motor meters; but, being simpler mechanisms, it seems to me the 
difficulties are less serious, But the question of what will be the meter 
of the future, if there is going to be a single type—and I think it very 
probable that there may be only onc type, just as we have now опе type 
of gas meter after many types have been tried—is all in the future. 
One can only say, Try these various meters, and let the best meter win. 

Мг. К. HAMMOND: With regard to Mr. Holden's meter, I am sure 
that we shall all join with Mr. Evershed in thanking him for his splendid 
paper. The clectric lighting industry, as now constituted, only began 
to live and breathe when a good meter was invented. But, even now, 
for the first few months the meter is a very trying thing for the con- 
sumer; even if it be true that this meter will start with a current of 
2 per cent of its capacity. Various local authorities have been very 
surprised to find that their meter will not start with one light ; but this 
meter will begin to record with a current of 2 per cent. of its capacity, 
and that is a great advance. I would like the author of the paper to 
say if he has plotted out a curve showing the efficiency of the meter 
throughout its varying loads. I have усгу often tested meters which 
were exact at about half-load, and then registered too quickly beyond 
that point. With Mr. Evershed, I should like, too, to know how the 
meter behaves over a period of time. I remember once making an 
arrangement to test the meters of a well-known firm of manufacturers. 
They came up one day with three meters and put them down before 
me, and said they wanted to catch the five o'clock train back, and would 
like to take mv certificate with them. I asked them to call that dav six 
months. I have the greatest faith in the time test, and in the test of 
efficiency under varying loads. There is another test which Mr. Holden 
perhaps has not thoughtit worth while to consider. In electricity supply 
a variation of pressure at the terminals is not unknown, and I would 
also like to ask Mr. Holden whether he has tested the meter at varying 
voltages. With the variations which we sometimes get, say on Christmas 
Eve, or on very foggy days, has that variation an effect upon the truth- 
speaking qualities of the meter? The meter on the table is in a pleasant 
atmosphere now, and in a situation where it would work very nicely ; 
but meters are not put in such pleasant surroundings іп ordinary 
application ; they are often placed in very damp cellars, and I would 
like to know whether to any extent the accuracy of the meter is affected 
by its surroundings. 

We have heard nothing about the cost of this meter. Of course it is 
a purely commercial question, but it is one which may remotely interest 
us. Somebody has got to pay for it, and it would be very gratifying to 
me, as one who has occasionally to advise on the purchase of a large 
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number of meters, to know that so good a meter can be purchased on 
commercial lines. Finally, it is to be hoped that the upkeep of the meter 
will not disappoint us. There is a tendency throughout the industry at 
the present time, although the Act of Parliament allows us to charge a 
rental upon meters, for consumers to ask us to imitate the gas suppliers 
and charge them no meter rent. И no miter rent is to be charged, one 
would like to know—of course Mr. Holden has had no experience to 
guide him—what are the parts in the meter which will need-upkeep, 
and to what extent the accuracy of the meter 15 affected before those 
necessary repairs are effected. I should like to have those points tested 
for twelve months—I should advise Mr. Holden not to hurry it—before 
it comes on to the market, in order that he may be able to solve these 
points. 

Mr. Н. HiRsT : I do not think I can sav anything better than what 
Mr. Evershed has said on the subject of the paper. With regard to 
the Aron meter, I do not think the qualitv will deteriorate as quickly as 
he fears. 

Mr. A. P. TROTTER : This meter has been under test for some time 
in my laboratory, but I do not feel at liberty to speak to it, because I 
do not know anvthing about its accuracy at present. We have as vet 
onlv given it a general running test. I want to make this remark, 
because other meters share a disadvantage which this one has from a 
testing point of view, namely, that it is very difficult to get what we 
call a “counting run” upon it. With the ordinary motor-meter running 
at moderate speed опе can watch and count the revolutions, but in a 
meter of this kind it makes one revolution and a bit, and in the paper 
we find revolutions are recorded to the second and third place of 
decimals. It is very necessary that this meter and others should have 
a more quickly moving dial. I must congratulate the author оп being 
one of the first at this Institution, and I think I am right in saving the 
Institution of Civil Enginecrs also, to introduce a practical example of 
a calculation of probabilities into a paper. Perhaps the author in his 
reply will make his description of Fig. 5 a little more clear than it 
appears in the paper. 

Professor W. E. AYRTON : With reference to what Mr. Hammond 
said about the variation of pressure, the most ingenious meter which 
Mr. Holden has brought before us this evening resembles the Aron 
meter, and also the Evershed meter, in being an energy meter ; that is to 
say, it docs take into account variations of pressure at the consumer's 
terminals, and if the supply company drop that pressure and lower the 
brightness of the lights, the bill quite rightly goes down. But energy 
meters have a defect, and this is, that if the supply company—as the 
Westminster Company have recently been alleged to do in many 
instances—raise the pressure and break the lamps, then the bill, before 
the lamps break, goes up, and that obviously is not what a meter ought 
to bring about. A meter, if it were possible to so make it, ought to 
fine the supply company when the pressure goes up as well as 
diminishing the bill when the pressure goes down. 

It is very interesting to come across a meter which starts recording 
with only 2 per cent. of full load, because the earlier meters, as is well 
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known, did not record at all until the load was a very much larger рег- 
centage than 2, On the other hand, there have been other meters, 
notably the one brought before this Institutionjust this time last year, 
which started with only т per cent. of full load, a motor meter. As 
Mr. Evershed has pointed out, the great superiority of a feeler 
meter, like that of Mr. Holden’s, is the small amount of power it 
absorbs, so that whether the supply company pays for the energy wasted 
in the meter, or whether the consumer pays, it is not a very important 
matter, because the amount of energy consumed in the meter itself, as 
distinct from the energy which it passes and measures, is very small. 
On the other hand, all these feeler meters appear to me to possess a very 
great disadvantage, because they are really intermittent meters ; that is 
to say, they do not give. you a continuous record, and they onlv take 
into account what is the state of things at certain fixed times. Mr. 
Evershed has said so much about meters in relation to their law, that I 
will confine myself to the law in relation to meters. What the law may 
be concerning the matter to which I am going to refer I know not, 
therefore I will put my suggestion in the form of a question. I will 
supposc that Mr. Holden puts up one of the very excellent intermittent 
meters to mcasure the energy given to my house or my factory. I 
suppose, as long as I do not do anything to disturb the supply to other 
consumers, and of course as long as I do not in any way disturb the 
meter itself, touch it, or interfere with it in апу way, I am within 
the law. But now, cannot I do this? Cannot I put in my house 
another clock, my own clock, and use this clock to close a switch? It 
will close the switch and keep it closed during, say, 55, or even it 
may be 50, seconds in every minute, and it will then open the 
circuit during the remaining second. І suppose that is legal, for 
electricity is supplied to my house, and, of course, to my laboratory for 
conducting experiments. One of my experiments has to do with an 
ordinary clock. (Laughter. During that longish period in every 
minute, 55 or even 59 seconds, I shall charge accumulators, and during 
the remaining second I shall not do anything. Му bill will be reckoned 
on the supply taken during that second, and therefore will be nought, 
but I shall receive a very large amount of electric energy. 

Mr. C. W. S. CRAWLEY : I should like to ask Mr. Holden one thing 
about his brake. How much of its action is due to hysteresis, and how 
much to eddy currents? Being in iron, the latter will vary some 
077 per cent. per degree Cent. ; so, unless the effect due to them is small 
they will introduce a temperature error. 

Mr. ALBERT CAMPBELL : First, with regard to the action of the 
earth's magnetic field upon the meter, Mr. Holden very properly alludes 
to this and shows that at onc-twenticth of full load the variation caused 
is 4 per cent. Ithink it should be kept in mind, however, that this 
means a total range of variation of 8 per cent. In the case (which is 
not at all uncommon) of a meter being used whose range is far above its 
normal load, e.g., а 30-ampere meter for a house which never takes 
more than five amperes, a possible variation of 8 per cent. at the smallest 
loads may be somewhat serious. 

Secondly, I should like to ask Mr. Holden if hc finds no trouble with 
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the spark where the shunt-circuit is broken, and also if the sparking 
does not become more troublesome when alternating currents are used : 

I do not think that Mr. Holden has said anything about overloads. 
Now it is very important that meters should not be damaged by being 
even considerably overloaded, and some types of meter behave rather 
badly in this respect. In Mr. Holden's meter one of the moving parts 
is constantly having its motion suddenly checked ; it would be interest- 
ing to hear from Mr. Holden how the meter stands the extra jarring 
caused by repeated overloading. 

Мг. С. V. DRYsDALE : Mr. Holden is certainly to be congratulated 
on having produced a meter which is different in principle to anv 
other we have yet seen, and which cannot be brought under ordinary 
rules of classification in meters. His meter also has the great advan- 
tage of being an energy meter, and of being suitable for either direct 
or alternate current circuits, though it would be a matter of interest to 
know whether the same meter could be placed on either circuit. I 
venture to think that the matter of universality in any meter is one 
which is of the greatest possible importance. Тһе meter of {һе future 
will surely be one which can be used on any circuit without a radical 
modification of its parts. As we all know, the cost of the production 
of any instrument when suitable methods are adopted depends princi- 
pally upon the number of identical parts that can be turned out, and 
as the competition grows keener in this direction, not only will the 
more complex and expensive meters have to be discarded, but also 
those which are only suitable for a restricted range of work. 

As to Mr. Holden's meter, I am inclined to agree with Mr. Evershed 
that the meter of the future will be a simple motor meter. Any one 
who looks at the clockwork meters in use at the present time must have 
the impression that such instruments, however perfectly they may 
work at first, can only have a limited course to run. They may be 
necessary at present while other meters are not perfected, but must 
inevitably go down as simplifications are introduced. I think that even 
at the present time there are indications of this, and that most engineers 
are finding the more complex clockwork meters unreliable after con- 
siderable use, although they may perform well at first. The advantage 
of the simple motor meter, when care has been taken to eliminate its 
frictional and other errors, as has been done by Mr. Evershed, is that 
it is suitable for any circuit, the only modifications necessary being in 
the winding of the main coils, and in the resistance in series with the 
shunt coils for different ranges. It is simple in its construction, and 
probably if made in large quantities could be turned out more cheaply 
than most of the other meters. It has also the advantage of being con- 
tinuous in its action, which is certainly a desideratum, other things 
being equal. 

I should like to mention one point which seems to me to be of some 
importance in connection with the design of all meters. It is, I think, 
now generally admitted that the ideal meter for all purposes is an 
energy meter. Тһе consumer purchases energy from the supply com- 
pany, not current, and it seems rational that the meter should measure 
this energy. Professor Ayrton has certainly pointed out one defect of 
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the energy meter, that where the supply company raises its pressure 
unduly, thus causing breaking down of the lamps, the consumer is 
debited with the greater amount of energy. On the whole, however, 
this does not seem to be a serious objection. In the first place, supply 
companies are to a certain extent restricted in their range of pressure ; 
and if the supply is constantly high by a few volts the consumer has 
the remedy in using lower efficiency or higher voltage lamps. 

An interesting question, however, comes up when we consider the 
case of the user of alternate-current power, Where power is supplied 
for running alternate-current motors it is undoubtedly correct to use an 
energy meter which records the actual energy which the consumer 
takes from the company. Let us suppose, however, that the consumer 
uses a motor having a very low power-factor, a point of little import- 
ance to him as long as the efficiency is fairly high ; the supply company 
may have to supply an amount of current 30 to 100 per cent. or more 
in excess of the actual energy current, depending upon the loading of 
the motor. This current is being supplied through their mains, and has 
to be generated, transformed, etc., and although the generation of the 
wattless current does not involve the burning of more coal, yet Mr. 
Mordey has told us in his recent paper that the generation of wattless 
current probably costs as much as a fourth of energy current. It does 
not seem fair, therefore, that the consumer should only be debited in 
this case with the energy that he is actually drawing from the mains, if 
the supply company is put to this greater expense, and it would there- 
fore be justifiable that he should be charged a higher rate for energy 
supplied at low power-factors. 

The ordinary energy meter with its main and shunt coils appears to 
afford a convenient method of automatically adjusting the above ques- 
боп. If the shunt circuit of the wattmeter has no inductive errors it 
will read correctly on all power-factors ; but if a certain amount of self- 
induction is introduced into the shunt circuit, which makes the instru- 
ment easier to construct and gives it greater driving force, it will read 
too high on lagging loads, and the greater the lag the greater will be 
the error in its reading, and it would not be at all difficult in any meter 
to introduce sufficient induction into the circuit by solenoids or magnets, 
so that the amount registered by the meter should bear an adequate 
relation to the actual cost of the supply. This would not, of course, in 
any way affect the reading of the instrument with steady currents so 
long as the impedance was not so great as to seriously diminish the 
current in the shunt coil with alternating currents. A considerable 
phase displacement, however, can be obtained in the shunt coil without 
greatly affecting the value of the impedance. 

Such a meter would have the advantage of being more easy to con- 
struct, as mentioned above, and would further offer зоте inducement 
to the consumer to instal motors having as high a power-factor as 
possible, 

Mr. Holden has unquestionably worked out his instrument most 
carefully, and it is most interesting to see how the difficulties have been 
got over by carefully considering the theory of the instrument. 

The PRESIDENT : I want to take a little credit for having coaxed 
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Mr. Holden to give us this paper to-night. We have been told of the IDs dent 
importance of a time test, and how a meter is affected by its surround- 
ings. Mr. Holden has been affected by his surroundings, and he has 
had applied to him a very good time test indced. His experience in 
meters in America and England has been so great and so long-con- 
tinued, that probably he may be said to have had longer and better 
experience of meters than anybody else living at the present time. 1 
will now call upon him for his reply. 

Mr. FRANK HOLDEN, in reply: I will deal with Mr. Evershed's Mr. Holden. 
remarks first. As to the question of tests over a long time, I may say 
there have been only a few meters built. The instrument was con- 
structed originally for the fun of it; it worked well, and I am now 
seeing how it will work commercially. There are fifty being made to 
see what happens. К 

As to a good many of these questions with regard to the time test, 
I can only repeat there have not been many instruments made. There 
is one at the Board of Trade—it has been there about a year, I believe ; 
there is this one here, and I have two others that have been running 
over six months. { 

As to meters with clocks being complicated, I have felt more or less 
as Mr. Evershed has. There is ап appearance of complication about 
clocks, but somehow they seem to work well. We carry them in our 
pockets, and have little trouble with them. 

Difficulties from the contact in making and breaking arc quite 
negligible. The trouble is not with the contact. 

With regard to the class of the meter, I can only say I do not 
know what class it is іп; it more resembles the meters on the table 
than anything else, and I think that I have said as much in the 
paper. 

As to the best meter, the only way to find it out is by trial. 
When you come to the point, nobody can prophesy how an electric 
clock is going to work ; or, rather, they can prophesy, but it is really 
guess work. I have found that out. 

I would say that I appreciate Mr. Evershed's remarks about the 
paper having some merit as to giving information. I tried to give all 
the pertinent facts, and I am glad he, at least, thinks I have succeeded 
to some extent. 

Mr. Hammond raised the question of accuracy. I think that in the 
table of figures given on page 956 you get an idea of this, and I might 
say those figures are really a little unfavourable to the meter, at least 
when it is new. Itisa test on that meter before you. That particular 
meter has a certain amount of loosencss in the upper coil, so that the 
angle—theta I believe І have called it—is not. really constant, but 
depends on the load which shifts it somewhat. 

Mr. Hammond wanted to know how it is affected by over-loads. 1 
have tested it up to 500 per cent. over-load, and it is still accurate. I 
would have tested it higher, but the thing spun round so fast that I 
could not keep count of it. 

You can see by the construction of the dynamometer part, that а 
variation in the voltage really does not affect it at all. It isa wattmeter, 
as may be seen from the windings. 
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Mr. Hammond has said that a meter is usually placed in a damp 
cold cellar, and he does not seem to like to see the meter standing on 
that table; but I could not very well bring the damp, cold cellar 
here. As to cost, I do not know how much it will cost. We cannot 
sell it unless it is going to be cheaper than other meters. "These things 
look after themselves automatically. However, the cost has been 
estimated by one of the largest meter makers in Europe, and they say 
it is cheap. 

The question of testing, which was raised by Mr. Trotter, is, I think, 
a very fair criticism, particularly when the cover is on the meter, and I 
propose putting a circular band on that revolving part, dividing it into 
one hundred divisions. As to Fig. 5, there are given four curves showing 
the amount it will read high or low when the springs or damping are 
varied. Тһе top curve shows the amount it will read high with different 
loads, for the bulk of the range it will read 5 per cent. high if you make 
the damping force 5 рег cent. too small. The next curve is for “5” 
decreased 5 per cent., that is, it practically does not affect it at all. Or 
only 1 per cent. very low down. 

Professor Ayrton has devised a way for cheating the meter. I do not 
think there is much in that, because you have to get your clock and 
your meter to sychronise, and if you do not, the first thing you know, 
the meter will be charging you for taking current all the time when 
you are not doing so. 

Professor AYRTON : The meter cannot charge you too much ? 

Mr. HOLDEN: It might. For instance, take a special case. If you 
have a load for one second out of the minute, and that second happens 
to synchronise with the time of closing the contact, it will charge you 
sixty times too much. 

Professor Ayrton raised the objection chiefly to intermittent meters 
not keeping exact track of the load. I think when you consider the 
probability of errors coming in a three months run, you must consider 
there are something like, I forget how many minutes in the time— 
130,000 or 140,000, I think, and for each one of these minutes there is a 
positive or negative error equally likely to occur. Тһе errors will 
cancel out almost to a certainty. 

Mr. Crawley has asked as to Foucault currents in the disc. There 
really cannot be any of any account, as the magnetic induction passes 
through the disc in such a way. As to the earth's field, Mr. Campbell 
points out it might read 4 per cent. high or 4 per cent. low. То 
a certain extent that statement is a guess as to whether it is important 
or not. Ireally cannot get hold of any figures to work at accurately 
or in a definite way. It really depends оп how much energy is taken 
at 5 per cent. of full load. A small amount of energy is taken ordinarily, 
and I imagine that is the case almost always. Then, as to the spark- 
ing on alternating or direct current, there is not very much difference. 
Of course on alternating sometimes there is no spark at all, and another 

time you have a spark. The alternating problem is really the harder ; 
it is a harder onc for the clock. 

The PRESIDENT: I will now call upon Mr. Gavey to give a demon- 
stration of the Poulsen Telegraphone. 
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POULSEN'S TELEGRAPHONE. 


Mr. J. GavEY : It will be remembered that a short time ago, іп а 
paper which I had the honour of reading before the Institution on the 
subject of the Paris Exhibition of 19oo, I described bricHy what I 
considered the most interesting of recent electrical inventions, viz. : 
Poulsen's Telegraphone. At that time I was not able to show thc 
apparatus at work, but the Council have now, through the courtesy of 
the owners of the patents, found themselves in a position to show it 
in working order to-night, and I have been requested to give a brief 
explanation of the system. 

The various transformations of energy that take place in the trans- 
mission of telephonic speech are well known. И will be borne in mind 
that the mechanical vibrations of the diaphragm, set in motion by the 
vocal sounds, either generate or set in motion electric currents in the 
connecting wires. When a magnetic telephone is used, the vibration 
of the iron diaphragm, by constantly altering the magnetic field in 
which the telephone coil lies, gives rise to an undulating series of 
currents, the exact counterpart of the sound-waves which impinge on 
the diaphragm. Where a microphone is used the variation of the 
pressure on the loosely-packed carbon sets up variable resistances in 
the local circuit of the permanent battery connected with the micro- 
phone, and this results in a corresponding variation in the current 
which traverses the circuit. At the receiving end, when telephonic 
speech is being exchanged, the exact converse of these operations 
takes place with the well known results. - 

It occurred to Mr. Poulsen that, instead of converting the electrical 
energy directly into articulate speech, he might impress a permanent 
magnetic record of the electrical waves on a steel band or wire if this 
were passed rapidly between the poles of the receiving magnet ; and 
this he found in practice he was able to do. Thus, instead of setting a 
diaphragm in vibration, he gets what may be described as a series 
of parallel magnets of varying degrees of strength, and with their polar 
extremities transverse to the wire and laid side by side along its whole 
length (illustrated on board). Now if the wire on which this magnetic 
picture has been drawn is again passed in the same direction as before 
between the poles of the electromagnet, and a receiving telephone 
is attached to the latter in the place of the transmitting microphone, 
the magnetic wire, as it is carried past the poles of the electromagnet, 
practically acts as a generator or dynamo, and variable currents, which 
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are the exact counterpart of the original currents which impressed the | 


magnetism on the band, are generated, and they react on the telephone 
just as though they had been received from the original microphone in 
the first instance. It seems almost impossible at first to realise that 
such a complete and accurate series of magnetic curves can be 
impressed ona steel wirc or band running at a high velocity, but 
that it can be retained for an indefinite period ; but such has been 
proved to be actually the fact. This magnetism can, however, be 
wiped out by again running the wire through a permanent magnetic 
field, either between poles of the electromagnet through which a 
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permanent current circulates, or between the poles of a permanent 
magnet itself. This, of course, merely distributes the magnetism 
uniformly along the band, and thus, when the wire again traverses the 
poles of the electromagnet as it conveys with it a uniform magnet 
field, no currents are generated, and no sound is heard in the telephone. 

There arc two different types of apparatus illustrating the Telegra- 
phone now before the meeting. In the first, the cylinder, on which is 
wound a long spiral coil of steel wire, can be uniformly rotated by means 
of a suitable motor. A small electromagnet is mounted on a movable 
carriage, and it is carried along the spiral coil by the revolution of the 
latter. At the end of its traverse it is brought back by a quick-motion 
screw of the spiral to its point of origin, when it is ready to start again, 
either to reproduce its speech or to wipe out the record. 

The second type of telegraphone, which I hope will be the means of 
making a speech audible to the whole audience, consists of a steel wire 
or band running at a high velocity over the poles of a series of electro- 
magnets. The first of these is connected to the microphone into which 
the speech is uttered, and the remainder are connected to separate and 
individual telephones. Finally the band passes between the poles of a 
magnet, which wipes out the record. The magnetic impress of the 
speech from the microphone as it rushes by and reaches each clectro- 
magnet, repeats that speech into the corresponding telephone, and 
finally the record is wiped out, and a clean surface exposed for the 
reception of fresh impressions. 


The PRESIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 
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Paper read аі Meeting of Section, March 12, 1901. 


THE APPLICATION OF STEAM POWER TO THE 
GENERATION OF ELECTRICAL ENERGY. 


By JOHN S. RAWORTH, Member. 


The best point of view from which to study an object 
is not usually the nearest ; only few of the beauties of the 
sea are visible to the man who 16 up to his neck in it; we, 
therefore, who work amongst steam engines and dynamos 
must occasionally, like the painter, step back a few paces 
in order to obtain a better view of the general effect and 
tendency of our work. 

There is a section of the public, by no means small, that 
imagines that electricity in itself is a source of power, 
and that the electric century will soon get along quite 
well without either steam or coal. 

At present there is no prospect of any such development; 
on the contrary, electricity has made steam power applic- 
able to many purposes for which in the past it was useless, 
and to that extent it has increased the demand for steam 
engines ; moreover, since it has enabled us to distribute 
power wholesale or retail as required from a common 
source, its tendency is to increase the size of the individual 
units to an extent beyond the limits of our comprehension. 

The first effect of the invention of the dynamo was 
to raise up a demand for small steam engines, which con- 
tinued active during several years, because the early efforts 
of electricians to build dynamos of large sizes were not 
rewarded with success. Even so late as the year 1893 
the City of London Electric Lighting Co. could not obtain 
in England or America machines of 500 k.w. output that 
were entirely satisfactory; though from that date forward 
progress has been very rapid, so that we now find in New 
York the power-station of the New York Elevated Railway 
Company contains 11 units each of 7,000 H.P. 

The history of steam engine improvement in this 
country during the seven years is very remarkable. The 
established builders of large engines іп Lancashire and 
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Yorkshire have stood aside and have left comparative out- 
siders to wrestle with the problem; Willans, Belliss, Brush, 
Browett, Ferranti and Maclaren have each on independent 
lines endeavoured to find an answer to the question, * How 
shall we drive a dynamo?” А few years ago the big engine 
builders appeared to think the electric engine beneath their 
notice, but now Electricity demands engines bigger and 
better than Bolton can build, with this result that Allis 
and Sulzer Bros. have both succeeded in pulling plums 
out of the British pie. 

I do not affirm that either Allis or Sulzer engines are 
better than our Bolton engines, but their buyers have been 
made to believe them to be better. 

I have no experience of Continental engines in work, 
but of American engines I have had morethan enough. Тһе 
conclusion I have come to is that on the average they are 
strong plain engines, with good juvenile appetites and a 
rather abnormal tendency to develop internal complications 
attended sometimes by external eruptions. 

Some electrical engineers seem to think that it is only 
necessary to order a foreign-built engine to escape from 
all their woes. But they are wrong ; there is no escape for 
an engineer—he must climb over his difficulties, he cannot 
dodge them. 

It is a curious and remarkable fact that whilst in different 
countries dynamo design has shown a strongly marked 
tendency towards uniformity, steam engine designs have 
been and still are divergent. In England we have the 
three-crank high-speed vertical as the leading type. In 
America the side by side compound horizontal or vertical 
slow-speed engine predominates, whilst in Switzerland and 
Germany there is a marked tendency to develop the 
compound tandem engine on one crank. 

The English engine is the cheapest, and gives theoreti- 
cally the best turning effort. 

The Swiss engine is the most economical in steam con- 
sumption, and the most wasteful in land and buildings. 

The history of the development of the English pattern 
is very interesting. Тһе early attempts at “ Electrical 
Undertaking," that is to say the distribution of electrical 
energy for all purposes within the boundaries of a parish 
or municipality, were made in London, and as you know 
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the first generating stations were constructed in basements 
beneath and amidst valuable property, inhabited by nervous 
and sometimes impecunious people. 

There . were few good engines suitable for the purpose, 
and the best of the few was the Willans, but its speed 
was high, and its moving parts heavy, hence came vibration, 
followed by claims, writs, lawsuits, and compensation. 

In those days the Willans engine was a two-crank 
engine, equivalent to a single-crank double-acting, and 
it would probably have remained in that stage of its develop- 
ment if the vibration trouble had not become acute; but 
in I895, Captain Sankey and Mr. Mark Robinson produced 
their paper оп а method of preventing vibration in steam- 
ships, іп which they showed that a three-crank engine 
provided a good practical solution of the vibration problem, 
and gave a more equal turning moment than the two-crank 
arrangement: this latter consideration was, however, of trival 
importance, because no trouble had arisen with the earlier 
engines in this respect. Ап experiment carried out by 
Mr. Mordey, at Thames Ditton, in 1887, showed that 
alternators direct-coupled to Willans two-crank engines, 
worked perfectly in parallel. Тһе three-crank engine 
therefore exists by virtue of its excellent internal balance— 
this is its good point ; its bad point is its lack of economy, 
due to three causes—tirst, leakage length of piston ring 
73 per cent. more than that of single-crank engine of same 
stroke and revolution, 73 per cent. more area of cylinder 
walls, and the almost insuperable difficulty of applying 
automatic expansion. | 

The question will rise to your lips, why is it difficult 
to apply automatic expansion when Maclaren does it quite 
easily. The answer is that the Maclaren engine is not 
one of the class described—it has three cranks, but it is not 
balanced either in turning moment or inertia effect, it is 
simply a triple expansive marine engine with three cylinders, 
three cranks, and an expansion governor; whereas the 
modern three-crank engine has a complete compound or 
triple tandem engine on each crank, consequently the 
turning moment and the balance is nearly perfect at all 
loads. With this engine we have either six or nine cylinders, 
and internal packing rings too numerous to mention. 

This engine has some excellent qualities. It is suitable 
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for use in positions where vibration cannot be permitted, 
and it enables the designer to use a shorter stroke and 
higher speed of revolution than with any other of the 
existing designs of reciprocating engines. On the other 
hand, it is less economical in steam than the same build 
of engine on one or two cranks, and it passes the wit of all 
engineers save Captain Sankey to make its expansion auto- 
matic. You are well aware that the Willans engine has had 
automatic expansion applied to it in two-crank and three- 
crank patterns, but we hear no more of it; we may, therefore, 
conclude that except as a triumph of human ingenuity 
this elaborate and most artistic device has sunk into the 
region of things that are not. 

I have referred to the excellently equal turning moment 
of the "three-crank engine"; this is no myth, in the 
Willans and Belliss engines and in all engines of similar 
design it is a substantial fact, and if it had fallen to the lot 
of those engines to have been called upon to work at 7o 
to 120 revolutions per minute it would have been an 
important fact ; but their lot has fallen in pleasanter places, 
their speed of revolution is usually between 200 and 500 per 
minute, where all questions of turning moment vanish and 
it becomes impossible to distinguish between the results 
of a single-crank and a three-crank engine. 

I have no experience with three-crank engines, but I 
have no reason to doubt that their results as judged by 
steady current are nearly independent of speed; but with 
single-and two-crank engines, the result of my varied 
experience is that there is no happiness under 200 revolu- 
tions per minute with any size of engine, and above that 
speed all difficulties vanish. 

At the Wandsworth station of the County of London 
Company, there are six 300 H.P. engines driving Mordey 
Alternators in parallel. The result is perfect, although all 
the engines have single cranks. Moreover there is no 
apparent difference when the exhaust 15 taken to the con- 
denser or the atmosphere, though the effect of changing 
from one to the other is to destroy the balance between the 
up stroke and the down stroke. The speed is 213. 

I submit that this example settles the question of the 
suitability of single cranks. There is a very general belief 
that with two cranks at right angles the turning effort is 
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more equal than with a single crank. At slow speeds the 
popular belief is justified by experience, but at high speeds 
there is not much difference between them, so little indeed 
that in a two-crank vertical engine it is better to set the 
cranks opposite than at right angles. 

Mr. Edgar Ingram, at Bournemouth, received a two- 
crank Universal engine from the Brush Company, in which 
the cranks were set at right angles, but on trial the parallel 
running was found to be imperfect. He then coupled the 
engines at 180°, with this result that the parallel running is 
now quite satisfactory. 

In a horizontal engine the improvement would not be so 
evident, the insistent weight of the moving parts on the 
cranks being eliminated. 

In this connection it is worthy of notice that builders of 
long-stroke horizontal engines very rarely balance their 
cranks. Тһе effect of tlie weight of the crank on the turn- 
ing moment of the engine is small, but it is definite, and it 
can be balanced with ease and certainty; it is therefore 
desirable that it should be done in all cases. In engines 
with two opposite or three equally spaced cranks, the 
cranks balance each other. 

Now that interurban generating stations have become 
nearly obsolete, the vibration question has sunk into сот- 
parative insignificance, and we may well ask ourselves the 
question whether it is desirable to go on developing the 
three-crank engine with fixed expansion and six or nine 
cylinders, when better results сап be obtained with more 
simple and less expensive designs. 

In considering this phase of the subject, there is, as 
usual, a compromise, and it is worthy of note that it has 
received very little attention. 

At an early stage I mentioned that a three-crank cylinder 
triple engine on three cranks is not a good high-speed 
arrangement, on account of the large size of the low- 
pressure piston and the unequal distribution of effort at 
varying loads. 

A three-cylinder compound engine on three cranks 
possesses these disadvantages in a much smaller degree. 
The two low-pressure cylinders are only slightly larger than 
the high pressure, the weights of the lines of parts can 
easily be made equal, the effort of each cylinder at varying 
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loads is much less diverse than in the triple, and it 1s a 
simple process to apply automatic expansion. 

It is probable that an engine on these lines has been 
built, but I have never seen one except in marine practice! 

It is very rarely that a triple engine possesses a practical 
advantage over a compound in electrical work, and this 
already rare advantage will disappear with the general 
adoption of super-heating. 

Mr. Wilhelm Schmidt tells me that he can obtain the 
best results with а compound engine, and hot steam. 
Having these facts in view, I shall be very much surprised 
if the three-crank three-cylinder compound does not become 
a favourite for large units of from two to five thousand horse 
power. English engineers and even Oldham aldermen 
have at last got over their objection to enclosed engines. 

They reluctantly recognise the fact that at 300 revolutions 
per minute the connecting-rod ceases to be a thing of 
beauty, and that oil is better inside the engine than all over 
the floor. 

It has taken twenty years to get to this point, but having 
arrived we shall never go back. The Swiss engines are 
very impressive from the Bolton point of view, the cylinders 
alone at the Zurich power-station are 24 feet long. I think - 
if I had a cotton-mill and a large family of girls I would 
have one of those engines just for a luxury ; it would be 
quite as seductive as a picture gallery and less expensive. 

Lancashire does not recognise the high-speed enclosed 
engine ; it has not yet been “introduced,” but it will be 
soon—the 2,500 Н.Р. engines of Browett & Lindley, at 
Salford, will leave their card. 

Let me try to clear this question :— 

High speed of revolution necessitates enclosure. 

High speed increases economy. (See Willans' papers, 
Civil Engineers, 1888—1893.) 

High speed improves turning effort. 

High speed reduces prime cost of engine, land, and 
buildings. 

High speed does not involve abnormal wear. (See 
Mark Robinson's paper, Electrical Engineers, 1897.) 

The designing of enclosed engines is an art : it does not 


‚ т I have since learned that Messrs. Musgrave have built an engine on these 
lines for the Glasgow Tramways. 
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consist in simply casing an engine with cast-iron. The 
engine, though enclosed, must be accessible, and provision 
must be made for the continuous lubrication of every joint. 

Any one who has attempted to design an enclosed 
engine will understand the difficulties, of which there are 
many working examples. 

The application of indicating gear to high-speed engines 
has only been partly faced ; indeed it is nearly impossible to 
take a satisfactory set of diagrams from some of the six and 
nine cylinder three-crank engines. 

There are two principal methods of lubrication, which 
may generally be divided into the Willans and the Belliss 
systems. 

Willans depends on the splash. 

Belliss pumps the oil through the bearings. 

Both give good results, but Belliss obtains much higher 
efficiency at light load than Willans—this may be partly due 
to flush of oil, but it must be remembered that the Willans 
engine has no such thing as light load on the bearings, the 
moving parts are abnormally heavy, and there is no cushion 
on the down stroke, consequently the bearing surfaces are 
subject to severe pressure, even when there is no external 
load ; it is quite possible, therefore, that the coefficient of 
friction may be nearly, if not quite, the same in both 
engines. І have tried both systems, and have found no 
difference between them ; although I get 15 lbs. pressure in 
the oil pipe, I do not believe that there is any pressure 
between the bearing surface, except the pressure that comes 
through the connecting-rod; nevertheless a constant flow 
of oil through the bearings is good, it washes out the dirt. 

The question of automatic expansion is constantly before 
us, and although it is bound to conquer in the end, the 
victory has been very much delayed by the advent of the 
three-crank engine. 

Captain Sankey showed, in his paper, read before the 
Institution of Mechanical Engineers in 1895, that automatic 
expansion is always more economical than throttling except 
at light loads. 

At light loads throttling is superior in economy, there- 
fore he devised his ingenious arrangement for expanding 
down to r4 lbs. mean pressure and then throttling. The 
moral of this is that trip gear for twenty years has been 
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obtaining our admiration on false pretences—it is pretty, 
but not economical. The simple shaft governor, despised 
because it shows throttled diagrams at light loads, is now 
discovered to be theoretically and practically perfect. 

-І have only one word more to say, and that is that we 
now hear no more about special engines for traction 
purposes ; the great fly-wheel craze has burnt itself out; 
English engines built for electric lighting purposes are 
driving tramcars most successfully ; the appalling descriptions 
of “destructive stresses" invented to frighten English buyers 
into purchasing American engines are to be found lying in 
the Journals of the Institution. 

There let them lie. 


901.] MACLEAN: INAUGURAL ADDRESS. 979 


A 


CALCUTTA LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 
| Delivered March 15th, 1901, , 
Ву Е. С. MACLEAN, Member. 


We are met to-night to inaugurate а Local Section of 
the Institution of Electrical Engineers : an Institution which 
started life in 1871 in London as the Society of Telegraph 
Engineers and was composed of a few members, nearly all 
of whom were connected with telegraphy. As time went on 
and the applications of Electricity were extended to other 
purposes than Telegraphy, it was found advisable to change 
the designation of the Society to * The Society of Telegraph 
Engineers and Electricians," under which title it was in- 
corporated in 1883. The subsequent rapid development 
in electrical enterprise soon rendered a further change of 
name desirable, and іп 1889 the Society became “Тһе 
Institution of Electrical Engineers." Starting as a small 
Society with but few members, the Institution on the 3oth 
of June last numbered 3,661. 

To meet still better the growing needs of the profession, 
it was decided to permit the formation, in different parts 
of the Empire, of Local Sections of the parent Institution, 
and, in response to our petition, the Council іп London 
have now constituted a Calcutta Section, which will for the 
present embrace all India till such time as other cities may 
form sections of their own. 

On this occasion, gentlemen, it may be of interest to 
make a few remarks on the history of the progress of 
Electricity in India. If my remarks appear to be little more 
than a résumé of the work of the department I have the 
honour to direct, I would ask you to remember that 
until the last few years Electrical work in India has been 
practically confined to Telegraphs. 

There are two points of interest to which I should 
like to call your attention. One is that this year, in which 
we are inaugurating this branch of the Institution, is the first 
ofa new century. Тһе second point is that this year marks 
the completion of fifty years since Пг., afterwards Sir 
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William, O'Shaughnessy first carried to a practical con- 
clusion his idea of an Electric Telegraph in India. In 
fact it is the Jubilee Year of the Telegraph, which in India 
as in all other countries has been the Pioneer of Electrical 
Engineering. The history, therefore, of Electricity in India 
is confined to the latter half of the past century, and during 
this fifty years our record of progress, I regret to say, 
can scarcely be favourably compared with that of many 
other countries. This, however, wil be no matter of 
surprise {о those acquainted with the conditions of the 
country we live in. 

As you are all doubtless aware, the first practical telegraph 
line was opened in England іп 1837. Two years later, in 
1839, Dr. O'Shaughnessy, of the Medical College, Calcutta, 
erected ап experimental line in the Botanical Gardens. И 
was 22 miles long, erected on parallel rows of bamboos and 
was composed of iron wire No. 14 B.W.G., which was well 
tarred. Several experiments were made with this wire, and, 
asa final result, Dr. O'Shaughnessy proposed to signal by 
means of shocks in the following ingenious though impracti- 
cable way. Ateach end was placed a clock, the two being 
kept in synchronism, and over the dial of which moved a 
seconds hand pointing to different letters of the alphabet. 
When the pointer arrived at the required letter, the sender 
would transmit an electrical shock by means of a small 
` induction coil, and the receiver seeing the position of his 
pointer would note the letter required. We hear nothing 
more of this system of shocks, and doubtless it failed, 
either from difficulty in synchronising the clocks or from 
the inefficiency of the human receiver. Dr. O’Shaughnessy, 
however, was thoroughly convinced of the practicability of 
the electric telegraph from these experiments, but he found 
it more difficult to convince the authorities, and the next 
ten years appear to have been spent in endless experiments 
and reports. Hisindomitable patience 1$ a splendid example 
for all time to impatient pioneers in science. In 1851 the 
first practical telegraph line was built from Calcutta to 
Diamond Harbour, and in the following year it was ex- 
tended to Kedgeri, making, with some short additional 
sections, a total length of 82 miles. This line was made of 
iron rod $-in. diameter. On the overhead sections it was 
supported on bamboos 200 to the mile; on the under- 
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ground sections it was first wrapped in two layers of Madras 
cloth. saturated with pitch and tar and then laid within a 
row of roofing tiles filled with a mixture of sand and rosin. 
This line was remarkable for its strength. А terrific hurri- 
cane swept over Bengal in October, 1859, levelling giant 
trees and houses of stone and mortar. Two steamers, 
the “ Powerful" and “ Precursor,” were blown on land. 
Yet the line stood uninjured, the bamboos bending to the 
storm. I would mention asa particularly interesting fact 
that some of the underground portion was dug up so 
recently as 1888, and not only the iron but even the Madras 
cloth was found in perfect state of preservation. 

Before making further remarks, it is with the greatest 
pleasure that I notice among our guests to-night Dr. 
O'Shaughnessy's faithful assistant from the earliest days of 
the department. I allude to Rai Seeb Chunder Nandi 
Bahadur, late an Assistant Superintendent of Telegraphs. 
If, gentlemen, he could be induced to speak, I am sure 
he is in a position to give an account of the many ditfi- 
culties he was enabled to overcome by his ingenious devices 
and perseverance, and І am sure that he will be prepared 
to give the history of most of the relics of the past which 
we have here to-night. 

Dr. O'Shaughnessy was keenly apprehensive of the 
effect of lightning on his signallers, and to protect them the 
line was always taken underground before entering an 
office, for, in his opinion, it constituted “the best of all 
protections from the appalling dangers of the thunder- 
storms." He also discovered independently the efficacy of 
the earth as a return circuit, which had, however, been 
previously discovered by Steinheils in Europe. The 
problem of crossing rivers was one of the first that pressed 
for solution in India. Dr. O'Shaughnessy tried signalling 
through a bare wire laid in the bed of the river. This 
succeeded to a certain extent, but was abandoned on 
account of the delicacy of the receiving apparatus required. 
In May, 1851, i.e. fifty years ago, he succeeded in signalling 
across a river over 5,000 feet in breadth without any 
conductor. It would seem that signals could not be main- 
tained and the battery required was enormous, so this 
system was also abandoned; however, it remains as a 
remarkable achievement in wireless telegraphy. Nothing 
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practicable was done till gutta-percha covered wire was 
imported from England, and then, after many trials, the 
system adopted was to secure this insulated wire in the 
angles of a strong chain cable. 

The success of this first pioneer line along the River 
Hughli quickly convinced the authorities of the utility of 
the telegraph, and in October, 1853, was commenced the 
construction of a network of telegraph lines all over India. 
These lines were first erected without any attempt at 
insulation, and we read in a report of Dr. O’Shaughnessy, 
* [t has been ascertained that electrical insulation is of very 
small necessity or importance even when many lines are on 
the same posts.” He, however, subsequently changed his 
mind, and invented an insulator. Since this time the 
course of improvement has been the substitution of iron 
for wooden supports, the improvement in pattern of 
insulators, the gradual reduction in the weight of the wire 
used, and finally the use of copper instead of iron wires. 

The first receiving instruments used were small hori- 
zontal galvanoscopes of very simple and cheap design. 
They were very sensitive, but difficult to read. In 1857, 
Morse instruments began to be introduced. Then came 
the mutiny, when the enormous utility of the electric 
telegraph was clearly proved. 

After the mutiny, progress was rapid, and by the 31st of 
March, 1858, there were 10,000 miles of line in operation 
or under construction. 

In the same year the first cable was laid between India 
and Ceylon, a distance of twenty-five miles. It was laid 
from a native sailing vessel during bad weather: a truly 
remarkable feat at that time, when to lay a cable across the 
Straits of Dover it was considered necessary to employ 
a squadron of steamers and costly machinery. At this time 
also was introduced the system of receiving by sound, 
instead of by sight, from a galvanoscope, by which twofold 
greater accuracy was reported to have been obtained. 

In 1864, through communication with Burmah was 
established after an unsuccessful attempt four years earlier. 

In 1865, through communication was first established 
to England by the Turkish route, while the route 214 Persia 


was opened in January, 1870, and vid Suez and Aden іп 
March, 1870. 
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In 1874, Duplex Telegraphy was introduced. Duplex 
telegraphy is the simultaneous transmission of two messages 
in opposite directions on the same wire. This system with 
good lines is found comparatively easy to work, and now 
all the main lines are worked duplex. 

In 1885, Quadruplex Telegraphy, or the simultaneous 
transmission of four messages, two in each direction, on 
the same wire was introduced. It has been found that 
while this system gives no trouble on iron wire lines up to 
about four hundred miles in length, beyond this limit much 
attention is necessary to get good work and the lines also 
must be in perfect working condition. 

More recently accumulators have been introduced to 
replace primary batteries wherever facilities for charging 
exist, and the Wheatstone automatic system of telegraphy 15 
now used on some of the main circuits, and messages are 
sent by this means for long distances such as Bombay or 
Madras to Rangoon. 

As regards Hertzian telegraphy, of which we have heard 
so much of late, beyond laboratory experiments, no 
practical system has been installed in this country, but 
many of us here present may have had the privilege of 
witnessing the delightfully clear demonstration of wireless 
telegraphy made two or three years ago in the town by the 
Rev. Father Lafont. It may be wondered why the Telegraph 
Department has not taken advantage of the Marconi 
System, which we all know has proved to be a practical 
success in connection with marine communication, if not 
in certain cases over land. The answer is that there are 
many reasons why this is so, the principal and most 
weighty among them being financial. 1 hope, however, 
before long that we shall be in a position to establish our 
own system experimentally between Sauger Island and the 
Sandheads. But it should be remembered that wherever 
the ordinary telegraph can be used, it 15 at present by far 
the most efficient and reliable. 

To turn to other applications of electricity, the first 
record I can find of an electric light installation in India 
was about 1879, when Mr. Louis Schwendler, of the 
Telegraph Department, erected an installation to light a 
goods-shed in Howrah station yard. On this occasion he 
had no ammeter, so he constructed a big tangent galvano- 


984 MACLEAN : INAUGURAL ADDRESS [ Calcutta, 


meter, the coil of which was a single term of stout copper 
wire six feet in diameter. Не also suggested the feasibility 
of using a dynamo to work telegraph circuits direct, an 
idea adopted many years afterwards in America. 

Various isolated installations sprang up from time to 
time in different parts of the country, but the first applica- 
tion of modern electrical engineering on any large scale 
was the electric tramway in Madras. This tramway started 
in 1894 on the underground conduit system. Unfortunately 
there were times when the tropical rains of Madras com- 
pletely flooded the roads in parts, including the conduit, 
and the whole system was brought to a standstill. 

This threw discredit on the conduit system, and a 
change was made to the overhead trolley system, which 
has met with success, and the system has been greatly 
extended I believe. The next application of importance 
was the Darjeeling electric lighting installation, which is 
the pioneer of high-tension transmission in this country. 
It 1s also the pioneer of Municipal enterprise in the field 
of electrical engineering. Тһе power is derived from water 
collected from two hill streams. 

In the last year of the century the Calcutta Electric 
Supply Corporation commenced operations; an under- 
taking that promises in the near future to be of no mean 
magnitude. And we are shortly to have a System of 
Electric Tramways in this town. 

Now, gentlemen, while we must sorrowfully admit that. 
this record of achievements in the electrical field is but 
small, I am glad to think that very shortly we shall not 
have to reproach ourselves with want of enterprise, for I 
see unmistakable signs that India is now thoroughly awake 
to the great advantages of electrical power, and that efforts, 
and I have no doubt very successful efforts, will be made 
to bridle and use the enormous natural forces which lie at 
our disposal. Hardly a week passes without some scheme 
for the use of electrical power coming to my notice : some 
schemes hitherto considered chimerical, but now brought 
forward in a practical form, others new but bearing the 
stamp of practicability ; some small but none the less 
useful, others of magnitude and promising their promoters 
financial success. These schemes, I feel fairly confident, 
are Only the forerunners of other proposals, of the intention 
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of some of which we do not even dream ; but all, whether 
large or small, offer openings to Electrical Engineering, a 
profession which, I foresee, will be largely extended in this 
country before long. The largest and the most important of 
all the schemes at present proposed is that for the trans- 
mission of power from the Cauvery Falls to the Kolar Gold 
Field, a record distance of about 100 miles, the financial 
success Of which 15 already practically assured. 

Here in Bengal, though intersected with waterways, the 
conformation of the country offers no such facilities for the 
conversion of water-power into electricity, but we have 
enormous advantages in cheap coal almost at our doors, 
which almost compensates for the want of the more 
favourable conditions of other localities; and when con- 
fidence in the efficiency and convenience of electrical 
machinery over that of steam for workshops has been 
once established among the public, as it doubtless has 
among those whom I have the honour to address, we 
may expect great changes. 

Gentlemen, it would be impossible for any of us here 
to-night, however vivid his imagination, to fully realise 
what lies before India in the field of electrical enterprise. 
I think, however, ] may safely say that when the advance 
of science may again necessitate remodelling our Institu- 
tion, if not replacing it as too antiquated and behind the 
times: when my successor, so to speak, addresses his 
audience and, as I have done to-night, recapitulates the 
early dates of electrical engineering in India, he will, J 
anticipate, neglect our little efforts of the past fifty years 
and take his starting-point from the commencement of the 
twentieth century, and with it the establishment of this 
Local Section, which we are all present to inaugurate 
to-night, and to which, I feel sure, you will join with me 
in wishing every success. 


986 WYLD: POLYPHASE EQUIPMENT [Birmingham, 


BIRMINGHAM LOCAL SECTION. 


Paper read at Meeting of Section, March 27th, 1901. 


POLYPHASE EQUIPMENT OF FACTORIES. 
By W. WYLD, Associate Member. 


Before proceeding to the subject which we are to discuss 
this evening, I wish to express my thanks to the Chairman 
and Members of the Committee for the honour they have 
done me in asking me to read the first paper after our 
Chairman’s inaugural address to this local section of the 
Institution. 

I had a great amount of diffidence in accepting the 
invitation, for I felt that this honour should have been for 
some older member of the profession who had been longer 
associated with this locality, for І am a comparative stranger 
here. 

It was urged, however, that the work upon which І have 
recently been engaged was a subject which would bring 
forth a good discussion, and it is therefore rather a subject 
for discussion which I wish to bring before you than a 
paper in the ordinary meaning. 

Considering the number of the large power schemes 
which are now about to be started throughout this country, 
and seeing that one is to be right in our midst in this 
district, it is a very opportune time, I think, for а dis- 
cussionto be held on the system upon which most of 
these schemes are to be worked, with particular reference 
to its applicability to the driving of factories, as I think it 
is from this source that the promoters of these schemes 
hope to derive a great proportion of their revenue, and, 
on the other hand, by which the public is supposed to 
be benefited. 

Most of these large power schemes are to be on the 
polyphase system for the generation and transmission of the 
electrical energy, but whether it is to be distributed from 
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the sub-stations as continuous- or alternating-current I am 
not at all sure; but I expect that this matter will very 
much depend upon the nature of the demand—z.e., 
whether the consumers will have an alternating-current 
supply or not; but if the current can be distributed as 
polyphase alternating-current, the cost of converting it 
into continuous-current will be saved and the cost of 
distribution thus diminished, and the consumer supplied 
at a cheaper rate per unit. 

We are all fully aware of the inefficiencies of the old— 
the present, in too many instances—methods of driving 
factory machinery, whereby at least 40 to 50 per cent. of the 
power is lost in transmission, and probably то to 15 
times more fuel consumed than necessary. We also all 
fully recognise the many and great advantages of electric 
driving, so that there is no necessity to here eulogise them. 
There are, however, great differences of opinion as to the 
best methods of obtaining the best results of electric driving 
in factories. I do not mean to enter into the pros and 
cons of the different systems of applying motors, &c.— 
ie by either single-motor driving or group-driving, 
but I refer to the differences of opinion which exist upon 
the system of current to be used, viz., continuous or alter- 
nating. 

The continuous-current system has been the most 
commonly used until recently, particularly in this country, 
and is therefore the better known. For this reason I will 
not take up your time by describing it, as it is familiar to all 
of us; but as the alternating-current system may not be so 
familiar, and as it is probable that it will be much more 
used in the near future, I purpose giving a closer description 
of it. 

The alternating-current system may be divided into 
single-phase and polyphase systems. The single-phase 
system, however, 15 not particularly adapted for motor 
driving, although it is perfectly practicable ; the difficulty 
with single-phase motors being to get them to start on a 
load. There are, however, in this country about 80 
towns supplied with single-phase alternating-current, and in 
most of these towns there is some motor-load. 

Polyphase System.— Any arrangement of conductors 
carrying two or more single-phase alternating - currents 


988 WYLD: POLYPHASE EQUIPMENT (Birmingham, 


definitely related to one another in point of time may be 
called a polyphase system. Although this system has really 
only come into use to any extent in this country within the 
last year or two, it is by no means new. 

It dates as far back as the year 1879, when Walter Baily 
showed, in a paper read before the Physical Society of 
London, how Arago’s rotation could be produced by a 
number of fixed electro-magnets acting upon a copper disc. 
This paper is published in the Philosophical Magazine of 
October, 1879, which gives diagrams illustrating this prin- 
ciple of the invention and arrangement of apparatus. The 
latter consisted of a copper disc suspended in the centre on 
a needle-point, so as to be able to revolve. Under the disc 
four electro-magnets were placed, with their vertical axes 
equidistant from the centre and their poles close to the 
under-surface of the disc. It is interesting to note that 
these magnets had laminated cores. The exciting currents 
were supplied by two batteries, and a commutator was 
placed to alternately reverse the polarity of the field-magnets. 
Baily says: “Тһе experiment with four electro-magnets 
may be readily performed by means of a commutator which 
will reverse the current several times per second,” so he 
evidently recognised that reversals rapidly succeeding each 
other would give an increased effect. 

We have here all the important features of the modern 
2-phase motor embodied in an apparatus invented twenty- 
two years ago. 

The next important step in the development of the 
induction motor was made by Professor Galilio Ferraris, 
who constructed several two-phase motors in 1885, which 
were on view at the headquarters of the American Institu- 
tion of Electrical Engineers at the Chicago Exhibition. 
The description of these motors was only published in 
March, 1888; but before then two other patents for motors 
of this kind were taken out, one by the Helios Co., of 
Cologne, in May, 1887, and the other by Borel and Paccaud, 
in February, 1888. Then, three months later, we have 
Tesla's very complete specification for power transmission 
hy 2-phase alternating-currents, and after that come many 
others. "The production of a rotary field in the motor 
was explained by Tesla to be produced by employing two 
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alternating-currents of equal frequency, but having a phase- 
difference of 90°. 

If we build a Ferraris motor with three instead of two 
pairs of magnets, апа energise them by three alternating- 
currents with 1209 phase difference between any two, we 
shall obtain a rotary field, and so on for any larger number 
of phases. There is, however, no advantage in employ- 
ing more than `3 phases, whilst the multiplication of 
circuits constitutes an undesirable complication, so that 
for practical work the choice is limited to either 2 or 3 
phases. 

In the 2-phase system the two E.M.F.’s and currents 
аге 90°, or one-fourth of a cycle apart, hence the relations 
of the currents to each other are such that the maximum of 
one occurs when the value of the other is zero. The windings 
of a polyphase machine may be continued in a number of 
ways, each affecting the relation of the electromotive forces 
of the outside conductors. 

The winding of most commercial 2-phase machines 
are interlinked. The current in one phase is 90° apart from, 
or in quadrature with, the other. 

With a 2-phase system either 4 or 3 wires may 
be used. А 4-wire system consists of two separate 
circuits, deriving their currents from two independent 
armature windings in quadrature with each other, or from 
a continuous armature winding tapped at four equidistant 
. points. These two single circuits must be balanced as 
nearly as possible, and for this purpose the four line wires 
must be carried throughout the system. 

By joining any two of the four conductors in the 
4-wire system, a common return is made for the two 
circuits. This arrangement is known as the 2-phase 3-wire 
system. | 

It may here Бе remarked that а 2-phase system with 
four wires is on a par with a single-phase 2-line system ; 
while with a 3-wire 2-phase system it is more, so far 
as the economy of copper is concerned. 

In the 3-phase system the three E.M.F.'s and currents 
are 120? apart, and the impulses follow each other at 
609. | 

Each one of the conductors successively serves as a 
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return for the other two, the algebraic sum of the currents 
in the system being zero. 

The windings of 3-phase generators are usually con- 
nected up in one of two ways—either “star” or “mesh.” 
In the former the coils of the armature are joined to a 
common junction, from which they branch starwise each to 
its own line. 

The pressure between the ends of any two of the 
generator coils in a 3-phase “star” system is y 3 (= 1732) 
times that between the common junction and the terminals 
of the coils. 

In the “mesh” connection the coils are connected in 
series, and the line wires joined to points between the 
coils, forming a closed triangle without any common 
centre. 

An advantage for factory distribution, when transformers 
are not required, is to be found in the “star " winding, as 
by its adoption a higher voltage can be used for the motors 
and a lower one for the lighting, which is a great advantage 
where incandescent lamps are used. 

For instance, at the Patent Shaft & Axletree Company's 
power plant, the generators are "star" connected, the 
voltage between the 3 phases which is used for the 
motors being 350, whilst that from the star connection or 
common junction is 200, which is quite practicable for 
lighting circuits. 

With the 3-phase system as with the 2-phase, 3 
or 4 conductors may be used, but in this case the 
fourth or neutral wire which is used when the generators 
are “star” connected, is only used for carrying the out- 
of-balance current, and need not be larger than about 
half the size of the other conductors, and when the gener- 
ators are connected up in “mesh” fashion, 3-line wires 
are used and then the amount of copper used is about 
three-quarters that required for a single-phase 2-wire dis- 
tribution. 

In addition to the economy of copper in distribution 
there are other advantages possessed by the 3-phase 
system which will be considered in the next paragraph on 
motors. 

Polyphase motors are of two types—the Synchronous 
and the Asynchronous, 
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The synchronous motor is very similar to a generator 
in its construction. It is not adapted for use where a large 
starting torque or frequent starting on the load is necessary. 
It does not admit of independent speed regulation, and it 
has also the disadvantage of requiring certain station ap- 
pliances, as with a generator, including some source of 
exciting current, which is usually obtained from some 
source other than the motor. From these reasons, then, it 
will be seen that the synchronous motor is not adapted for 
factory driving. 

Asynchronous motors, on the other hand, are well 
adapted for factory driving. Their simple and substantial 
construction 1$ one of their chief advantages, resulting in a 
minimum of cost of maintenance and attendance. 

An asynchronous motor consists essentially of two parts, 
the stationary and the revolving part. In most modern 
motors the stationary part, or “stator,” contains the coils 
through which the high-pressure current passes from the 
line. The polyphase currents flowing through these coils 
produce a rotating magnetic field, this field acts upon the 
revolving part, or “rotor,” and induces in it currents which 
magnetise it, so that the rotor takes the part of magnet, but 
is only excited by the induced currents from the surround- 
ing stator, hence these motors are often called * induction " 
motors. 

The principles of operation of the induction motor are 
thus seen to combine both those of a motor and of a trans- 
former, the “stator” being considered as the primary and 
the “rotor ” the secondary. 

When running without load the speed of the rotor is 
very nearly that of the rotating field produced in the stator, 
or nearly synchronous, and then there is a very small 
current induced in the secondary. 

The magnetic pull of this current on the field produces 
a feeble torque, and then the current taken from the line 
into the stator is only the magnetising current required to 
overcome the mechanical and magnetic friction of the 
motor. When running under load, the speed of the rotor 
falls by a small percentage, and the E.M.F. and the induced 
currents in the rotor increase with the difference in speeds, 
and a powerful torque is produced by the pull of this 
increased current in the rotor. 
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The difference of the speed of the rotor and that of the 
revolving field in the stator is known as the * slip," and this 
15 proportional to a certain extent to the resistance of the 
rotor. 

To insure high efficiency and good ааа the wind- 
ings of the rotor or secondary of the induction motor should 
have a low resistance. 

It will be seen, then, that the greater the load put on an 
induction motor (up to a certain extent) the greater the 
slip will be, in order that, at constant voltage of supply, 
the motor will have a correspondingly greater turning 
effort. 

Absolute synchronous speed is never obtained in an 
induction motor, for, as has already been shown, there 15, 
even on no load, a certain amount of “slip” required to 
furnish the current necessary to overcome the light load 
losses. Тһе fall of speed, from that at light load to that at 
normal rated load, will vary from r'5 per cent. in motors of 
тоо Н.Р. to 3 or 4 per cent. in smaller motors. 

It is sometimes said against the induction motor that it 
is inflexible in respect to the regulation of speed, but there 
are several methods of obtaining a variation 2t speed in an 
induction motor. 

The three most usually adopted methods are :— 

Ist. The inserting of a resistance in the rotor circuit 
which may be varied by short successive steps. 

2nd. By changing the impressed voltage of the stator. 

3rd. By changing the number of poles of the stator. 

The first one is the most commonly used, in factory 
driving, particularly in. Europe, on such motors as are used 
on cranes or printing machinery, &c. 

The range of speed demanded of such motors does not 
allow of the usual small starting resistances being used, 
which in some makes of motors, particularly American, is 
placed within the spider of the rotor. 

An external rheostat is therefore required of sufficient 
size to carry the comparatively large though low-pressure 
current of the rotor. This external resistance or controller 
necessitates the use of three collecting rings for electricallv 
connecting it with the rotor. 

It has already been mentioned that the current taken by 
the stator, as well as the torque, of an induction motor 
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depend upon the ratio of the "slip" of the rotor to its 
resistance. 

Therefore, by altering the rotor resistance the speed of 
the motor mav be altered, and the torque and the stator 
current kept the same. 

The second or potential variation method 1» effected by 
introducing an external resistance апа impedance between 
the supply terminals and the stator. 

By having a sufficient number of tappings on the im- 
pedance coils, a graduated variation of the impressed voltage 
is obtained and a corresponding variation in speed. 

It is found, however, in practice that the motor thus 
controlled has a lower efficiency at full speed than а motor 
built for rheostatic control. A motor with rheostatic con- 
trol has the same power-factor at all speeds, whilst one with 
potential control has a lower power-factor and efhciency at 
all but full speed. 

The third method, changing the number of poles, is 
effected by winding the stator so that by the movement of 
a switch the number of poles is changed. Where, however, 
a great variety of speeds is required, this method is compli- 
cated. It also has the disadvantage of the motor only being 
able to run at full, one-half, and one-quarter speed. This 
class of variable speed motor is the most efficient at half 
and quarter speeds. 

Of these three methods of controlling the speed the 
potential one is inferior to the rheostatic one, inasmuch as 
it 15 not so efficient, and the changing of number of poles 
is limited in its range. The worst feature of the best one, 
the rheostatic method, is that it necessitates collecting rings 
on the motor, but it must be borne in mind that these 
collecting rings carry a very low potential current, and my 
experience of them has been that they give no trouble what- 
ever, and І have several running on cranes of from 5 to 
20 tons, some of which are run under very severe and 
trying conditions. 

Let us now consider the relative advantages of the poly- 
phase motor over its rivals. The single-phase motor, though 
an induction motor, has the disadvantage of being unable 
to start on a load, as well as being invariable with respect 


to speed; in other respects it is similar to the polyphase 
motor. 
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Coming now to the continuous-current motor, we see 
the main difference is that the current supplied to a poly- 
phase motor at the full pressure of the mains simply passes 
through the “stator” windings, which are quite enclosed, 
and without having to traverse any exposed parts such 
as commutators or brushes, and as these windings are 
stationary there is no danger of mechanical injury, and the 
insulation can be made very secure and so enabled to stand 
a higher pressure than would be permissible with a con- 
tinuous-current motor. 

This is the most important point in favour of the 
induction motor. 

The revolving part, or “ rotor,” of the polyphase motor 
is always of low voltage, requiring very little insulation, and 
can thus be very much more strongly and mechanically 
built than a continuous-current motor with its revolving 
armature, through which has to pass the full pressure 
current, and if this is of high voltage the winding of the 
armature has to be of fine wire and expensively insulated, 
and which is thus much more liable to burn out than the 
rotor of a polyphase motor. The continuous-current motor 
requires a commutator to commute the continuous current 
into an alternating опе as it enters the armature; this 
necessitates the use of brushes for a rubbing contact, 
and these require a good deal of attention from time to 
time for trimming and readjustment, and the commu- 
tators occasionally require turning up, and this pretty 
frequently if there 15 any sparking, which is often, if not 
always, the case, particularly when run in dirty and dusty 
places. 

Now the polyphase motor does not require any comniu- 
tator at all, and is thus freed from a very expensive and, 
at the best, a very undesirable part which is essential to the 
continuous-current motor. 

Owing to the frailty of the continuous-current motor 
and the frequent sparking at the commutators, of late they 
have been made entirely enclosed ; but this is undesirable, 
as it requires the motors to be larger and heavier for the 
same output, for the ventilation is not nearly so good as 
when open to the atmosphere, and, in addition, the various 
parts are not accessible. 

With polyphase motors, and especially those with squirrel- 
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cage motors, there is absolutely no chance of the occur- 
rence of a spark except at the starting switch, which 
may be placed at a distance from the motor. This is ап 
important point when the motors are used in factories 
containing highly inflammable materials, or in fiery coal- 
mines. 

The sizes of 3-phase motors are less and the weights 
lighter for the same power and efficiency than those of 
continuous-current motors, and as there are no exposed 
parts, such as brushes, &c., carrying the full voltage current 
and no adjustment required, the polyphase motor is simpler 
and consequently much more suitable to be left in the 
charge of an unskilled workman. 

Seeing these many and great advantages of the poly- 
phase system, it is not surprising that so many factories, 
both old and new, are now being equipped with this system 
of driving. 

It is not many weeks since I heard one of the leading 
continuous-current engineers in the Midlands (and І believe 
he is here to-night) remark that even yel, with all the talk 
there is about the absolutely non-sparking, continuous- 
current motors, that he had great difficulty in getting a 
really satisfactory continuous-current motor, for he said, 
* Even those of the best and well-known makers, after he 
had had them running a few months or a year, showed 
their weak points and gave trouble." 

It is often remarked that the polyphase system, although 
best adapted for motor driving, is not adapted for lighting. 
I do not think that any one would think of putting down a 
polyphase plant for lighting alone; but the advantages 
which it holds over other systems for motor-driving are 
much greater than the objections raised against it for 
lighting, and warrant its adoption in such places as 
factories, and my experience is that by distributing the 
lighting evenly between the phases that no difficulty what- 
ever is experienced. 

In America the induction motor has come more into 
general use than in this country, and I think it 15 very 
significant to note that such a firm as the Westinghouse 
Company, who make both polyphase and continuous- 
current machinery, have equipped their new works at 
Pittsburg with polyphase motors. Some 17 of the 60 
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induction motors replaced continuous-current motors which 
were originally put down to work the hoists. 

In addition to those given in the list below, there are 
numerous other factories being driven by polyphase motors 
supplied with current from such large stations as the Niagara 
Plant and several large 3-phase power-distributing companies 
on the Pacific coast. 

In Europe, too, there are many striking examples of 
polyphase factory plants, and those of us who attended 
the réunion in Switzerland two years ago will remember 
the Oerlikon Company's large engineering works at Zürich, 
where all kinds of electrical plant is built апа where the 
whole works are driven by 3-phase motors. Originally 
three generators of 200 Н.Р. each were installed, but since 
then other two units of about боо Н.Р. each, coupled to 
Sulzer engines, have been added, thus bringing the capacity 
of the plant up to about 1,800 Н.Р. There are 94 motors 
throughout the works, including some 18 cranes with а 
total lifting capacity of 220 tons. АП of these are equipped 
with 3-phase motors. Messrs. Escher, Wyss & Co.'s works, 
also at Zürich, it will be remembered are driven throughout 
by about тоо 3-phase motors. 

The fine shops of Messrs. Brown, Boveri & Co., at Baden, 
too, many of us will remember, are driven by about 100 
3-phase motors. Also the Alioth Electrical Company's new 
works at Münchenstein, near Bale, which are driven through- 
out by 3-phase motors. 

1 remember asking the managing director of these works 
his opinion as to continuous-current and polyphase motors, 
and was informed by him that they had a few continuous- 
current motors connected to a generator, only used to show 
to clients who preferred continuous current, and І was 
assured by him that they found the 3- phase; plant by far 
the more preferable. 

The number of factories driven by polyphase plants is 
much too great for them to be described here, but I have 
made a list of some of them, thinking it might be of 
interest to some of the members. This list, I regret to 
say, is not complete, but it is large enough, I think, 
to show that polyphase factory-driving, though somewhat 
uncommon in this country as yet, is by no means an 
experiment. 
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In addition to those given in the list of European plants, 
there are several very large works in Germany, some of 
which many of us are looking forward to see at the next 
reunion on the Continent in the course of а few months, 
notably those of the Allgemeine Elektricitàts Gesellschaft, 
at Berlin, which cover an area of 125,000 square yards, and 
in which some 14,000 people are employed, and where the 
whole of the machinery is driven by 3-phase motors, many 
of the tools being driven by separate motors. (They have 
about 700 motors in all.) 

The list of examples of polyphase factory plants of 
which I have been able to get a few details, is much too 
long to read now, so I will only give a summary. 


SUMMARY OF EXAMPLES. 


United States of America 5 plants aggregating 7,130 H.-P. 


Sweden » » 4 105 ” 
Germany I : » n 7085 , 
Holland I » » 450 ” 
Belgium 6 ,, ” 3,550 , 
Егапсе SU > TS 2,182  ,, 
Spain I » » I,300 ” 
Switzerland 9 5 " 5,950  ,, 
Austria 4 » » 1,555 » 
Italy | 22 yy » 12,035 » 
Russia 16 ›) » I 2,700 » 
England 16 » » 9,450 » 
IOS 68,192 


A brief description of some of the English polyphase 
plants may be of interest. 

Liverpool Grain Elevator.—The first combined power and 
lighting plant was installed at Liverpool for the Grain 
Storage and Transit Company in the early part of 1897. It 
is а 3-phase plant of 180 H.-P. The lighting and power are 
both derived from the same circuits, and in spite of the 
antipathy to this practice, no difficulty has been experienced 
in the regulation. | 

VOL. XXX. 65 
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Glasgow; Edinburgli.—About this time (97) а small 
3-phase plant of about roo H.-P. was installed in Glasgow 
and another of about 130 H.-P, in Edinburgh. 

Sir Thomas Richardson, Hartlepool.—l1n the same year 
Sir Thomas Richardson & Sons of Hartlepool laid down 
a large plant aggregating about 1,250 Н.Р. There аге two 
large fly-wheel generators and a smaller machine of тоо К.х. 
for night shifts. In the shops are installed some 25 motors, 
which varv in size from 65 H.-P. to то H.-P. 

General Electric Co., Manchester.—In 1898 the General 
Electric Co. of Manchester put in a 3-phase plant at 
their factorv ш the Adelphi, Salford. Тһе generator is of 
200 Н.Р. and the motors, 30 іп number, varv from 
I6 to 1 H.-P. 

Bristol Carriage and Waggon Co.—The Bristol Carriage 
and Waggon Co. about this time had their works remodelled, 
and a polyphase plant of 400 H.-P. was installed. "There 
are 7 motor circuits, one to each shop, and the motors, 
IO in number, vary from 65 to 2 H.-P. each. There are 
750 glow-lamps and 32 arcs supplied from the same 
generator as the motors, and no difficulty has been 
experienced with the regulation. "This plant has given such 
satisfactory results that another 400 H.-P. generating set is 
being added. 

Anglo-Swiss Milk Co., Avlesbury.—The Anglo-Swiss Con- 
densed Milk Co.'s factory at Aylesbury is equipped with 
a 3-phase plant. The 8 motors installed vary in size 
from то to 13 H.-P. each. 

North-Eastern Steel Works, Middlesboro'.—At the North- 
Eastern Steel Works, Middlesboro', there 15 а 2-phase plant 
consisting. of 2 generators of 350 Н.-Р. each, and гї 
motors—6 of 40 H.-P., 5 of 20 H.-P. 

D. Y. Stewart, Glasgow.—Messrs. D. Y. Stewart, of 
Glasgow, have а 3-phase plant of 450 H.-P., consisting of 
2 generators of 250 and 200 H.-P., and a large number of 
motors. 

Bever & Peacock, Manchester.—Messrs. Beyer & Peacock, 
of Manchester, have a 3-phase plant of 400 H.-P., consisting 
of 2 generators of 200 H.-P. each, and a large number of 
motors of 50, 30, and 20 H.-P. each. 

Hawthorn © Leslie, Newcastle-on-Tyne.—Messrs. Haw- 
thorn & Leslie, of Newcastle-on-Tyne, have a 3-phase 


1901. ] OF FACTORIES. 009 


plant of 280 H.-P. for driving the machines in their 
shipyard. 

W. Dixon © Co. Glasgow.—Messrs. Dixon & Co., of 
Glasgow, have a 3-phase plant of 660 H.-P., consisting of 
three generators of 220 H.-P. each, and a large number of 
motors for various purposes іп their chemical works. 

Kirkstall Forge, Lecds.—The Kirkstall Forge Company, of 
Leeds, have a 150 H.-P. 3-phase plant іп their works. 

Brown, Marshall, Birmingham.—Messrs. Brown, Marshall 
& Co., of Birmingham, have a small 3-phase plant of about 
70 H.-P. in their carriage and waggon building works, for 
driving the machinery in one of their shops. 

$. Thompson, Wolverhampton.—Messrs. John Thompson, 
boiler makers, Wolverhampton, have recently installed a 
3-phase plant of 460 H.-P., consisting of two direct-coupled 
steam alternators of 230 H.-P. each, and a corresponding 
number of motors. 

F. Rogers © Sons, Sheffield.—Messrs. Jos. Rogers & Son 
have recently installed in their large cutlery works in 
Shefheld a 2-phase plant of 320 H.-P., consisting of two 
direct-coupled high-speed generators of 160 H.-P. each. 
These alternators have only 8 poles each, which give the 
low frequency of 2r3 cycles per second." There are 7 
motors of 25 to 7 H.-P. each, used for working grinding 
wheels, hoists, fans, stamps, &c. -Owing to the low frequency 
a motor generator is used for arc lighting. 

Patent Shaft—Whilst at the Patent Shaft & Axletree 
Company's Works at Wednesbury we have a plant of 
420 H.-P., consisting of 2 3-phase generators of 210 H.-P. 
each, and some 30 motors, varying іп size from бо H.-P. 
to 5 H.-P., the small ones being in use on travelling cranes. 

As I am connected with this plant, perhaps I can give а 
few details of it which may be of interest. 

The power-house, which was built to the designs of the 
author, comprises boiler-house, engine-room, and the neces- 
sary offices, stores and test-room, and is large enough to 
accommodate 2,000 H.-P. 

In the boiler-house are 4 of Messrs. Babcock & Wilcock 
& Со. water-tube boilers, of 200 H.-P. each, also a feed- 
water heater by the same firm. Тһе boiler-house is so 
arranged that the coal is tipped direct from the railway 
siding into the bunker opposite the fronts of the boilers. 
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These are fed by either a horizontal duplex Tangye's pump, 
or a Gresham & Craven line steam injector, which deliver 
either through the above-mentioned heater or direct into 
the boilers. 

The generating plant consists of two direct-coupled sets 
of 210 H.-P. each, running at 375 revolutions per minute. 
The engines are of the compound two-crank, single-acting 
enclosed type by Mirrlees, Watson & Yaryan. The gene- 
rators are of the well-known Brown, Boveri & Co.'s 3-phase 
type, having rotating fields and stationary armatures, the 
periodicity being 50, and the voltage across the phases 350, 
They are “star” connected with a neutral terminal, which, as 
already stated, serves for the lighting both arc and incan- 
descent lamps at 200 volts. The exciters are direct driven, 
their armatures being fixed on an extension of the generator 
shaft. 

The switchboard which is fixed on a gallery commanding 
a view of the whole engine-room, consists of two generator 
panels carrying main triple pole switch and fuse, ammeter, 
voltmeter and field rheostat, the latter being of the Ward 
Leonard make, one synchronising panel, having synchro- 
nising apparatus, main voltmeter, with 3-way switch for 
throwing the voltmeter across any of the 3 phases, a 
recording voltmeter and fuses for the neutrals of four 
generators, two feeder panels each carrying two sets of triple 
pole switches and fuses, and two ammeters, two lighting 
panels, each carrying one 4-pole switch and three ammeters 
one being for each phase. 

The panels are of polished marble, supported on an iron 
framing, placed 4 feet from the wall, while a glass roof and 
end doors keep out dust, &c., from the connections and 
terminals, апа provide easy access to the back with а good 
light. 

The main cables or feeders are of the British. Insulated 
Wire Company's make, and are drawn into Doulton 
conduits, the power mains having 3 twisted cores, while 
the lighting mains have 4 cores, the fourth being for 
the neutral return. The sizes of these cores vary from 
37 to +3. These feeders run from the main switchboard to 
distributing switchboards fixed in sub-stations at various 
points in the works. "These distributing switchboards саггу 
six power and six lighting sub-circuits each, with triple pole 
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switches and fuses for the power, and single pole switches 
and fuses for the lighting. Thereare separate bars for power 
and lighting which can, in case of emergency, be inter- 
connected by means of plugs, thus providing for supplying 
the bus-bars from either power or lighting feeders. А 
neutral bar is provided to which each lighting sub-circuit 1s 
connected, and in each sub-station the lighting circuits are 
balanced as nearly as possible. Тһе sub-circuits consist of 
similar cables to the feeders, and are also drawn into Doulton 
conduits, triple-core for the motors and two-core for the 
lighting. 

The motors have been arranged to replace separate 
engines, and to drive on to the existing shafting in order 
that no disturbance might be made in converting to the new 
system. Тһе lines of shafting іп most cases have been 
split up so as to be driven in smaller groups for greater 
economy. 

І may here remark that the whole of the transfer was 
effected without stopping any of the workshops. 

One of the Goliath cranes has been converted from steam 
to electricity, the motor replaced the boiler and engine which 
were previously used. Тһе reducing gear consists of a raw- 
hide pinion fixed on the motor shaft of the crane, which 
operates the various motions. The motor controller is of 
the Brown, Boveri Co.’s type, and consists of a reversing 
switch connected in the stator circuit and controlling resis- 
tance in the rotor circuit. These switches are interlocked, 
and the whole controlled by one lever, so that the motor 1s 
started, the speed controlled, and the direction of rotation is 
reversed by the movement of this one lever. 

The motor derives its current from 3 trolley wires Ed 
on the usual overhead system. 

In the foundry are two new electric travelling cranes, 
each operated by 3 motors. One is for a maximum of 
20 tons, and has 2 motors of то H.-P. each, and т of 
5 Н.Р. the other is а 5-ton crane and has 2 motors 
of 7 Н.-Р., and т of 3 H-.P. The two larger motors 
are in each case for lifting and longitudinal motions, and 
are provided with controlling rheostats for reducing the 
speed. 

As a result of experience ro additional cranes are now 
being fitted with 3-phase motors and controllers, and 
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another generating set of 500 Н.-Р. is being erected іп the 
power-house. 

The lighting of the works is done by some 5oo glow- 
lamps and 60 arc lamps; the latter are run six in series 
on the 200-volt mains, and no difficulty has been ex- 
perienced in the regulation, although the lighting is taken 
from the same generators as the motors. The whole of 
the wiring for the lighting is enclosed in “Simplex” steel 
conduits. | 

Since the plant was started over a year ago, it has worked 
most successfully. Тһе economy has been very marked, and 
will show still better results when all the cranes which are 
now being converted are electrically driven, and the new 
plant 1s in operation. 

During the recent inquiry of the Parliamentary Com- 
mittee upon the Electric Power Bills there was a good deal 
said about the effect of a good load factor upon the cost ot 
generation of electricity. 

As is to be expected, we get a very good all-day load on 
my station, and instead of getting a load factor of 11°05 per 
cent., which is the average of all the supply stations given in 
“ Lightning's" table of costs, the load factor for the past 
year on our station was 42°01 per cent. ; and with an out- 
put of 554,000 B. T.U. per year the works cost of generation, 
viz, coal, water, wages, oil and stores, work out to the 
remarkably low figure of *5524. per unit, whilst the cost ot 
distribution, 2.е., the motor attendants, crane men, and arc 
lamps trimmer, &c., works out iat *215d., so that the works 
cost of the energy delivered at the shafting or machines 15 
'552d. and ‘215d. = `7674. per B.T.U. I do not mean that 
this low figure 1s necessarily due to the plant being polyphase, 
but I thought that this data would be interesting inasmuch 
as it bears out in such a marked degree the ettect of the 
load factor on the costs. 

Bolckow, Vaughan & Co.—As a further sign of the growth 
of favour for polyphase plants іп the country, I may mention 
that Messrs. Bolckow, Vaughan & Co, the large iron 
masters, are now erecting a power-station at Eston, near 
Middlesboro', for the driving of their works and the lighting 
of the town, and this is to be on the 3-phase system. 

The size of the first generating sets, of which two or 
three are being installed, is 1,500 Н.-Р. each. 
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It 15 seen, then, that since the introduction of polyphase 
factory equipment into this country in 1897, there have been 
no less than 16 installations started, amounting in the 
aggregate to about 10,000 H.-P. 

| venture to think that the growth to this amount of a 
system in its first four years in this very conservative country 
of ours promises well for its success and development in the 
future. 
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Mr. W. J. UNWIN-SOWTER (communicated) : My experience of motive- 
power supply from single-phase alternating plant leads me о believe 
that such undertakings are at enormous disadvantage as compared with 
continuous-current supply on account of the low power-factor. I have 
lately tested about a dozen small motors arranged for driving small 
tools, ctc., from a single-phase alternating ѕирріу of about 85 (^) and 
200 volts, and find the power-factor even less than that stated by the 
makers. То give examples :— 

(1) 1 H.P. motor, English make. 

No load (without belt).—Starting current, 9 amperes ; running 
current, 63 amperes at 200 volts; true watts, 282 ; apparent watts, 
1,260 ; ratio, 22:4 per cent. 

Full load.—Current, 9 amperes at 193 volts; true watts, 773; 
apparent watts, 1,775 ; ratio, 436 per cent. 

(2) 2 H.P. molor. 

No load.—Starting current, 20 amperes; running current, 10 
amperes at 202 volts; true watts, 564; apparent watts, 2,020; 
ratio, 28 per cent. 

Full load.—Current, 16 amperes at 200 volts ; true watts, 2,000; 
apparent watts, 3,200 ; ratio, 62°5 per cent. 

The wattmeter employed was carefully checked, and I have every 
reason to accept these results. 

Now, from the central station engineer's point of view, the large 
starting current (exceeding that at full load) is objectionable, especially 
with frequent stopping and starting. And then for the supply, for 
example, of 200 Н.Р. of these motors, the low power-factor of бо per 
cent., or even less, will mean running a generating set twice the size 
that would be needed were the motors driven by direct current. 

As to efficiency, a good direct-current motor could easily do 20 per 
cent. better than the 7o per cent. stated by the makers for both these 
sizes. It would be of great interest to members if Mr. Wyld could give 
some figures concerning the power-factor and efficiency of his own 
plant. ; 

Dr. W. E. SUMPNER put forward the view that while many not 
altogether concordant statements had been given as to the relative 
economy in copper of different systems of distribution, the real reason 
for the apparent advantage of any one system over another was to be 
found in the increased voltage at which it was worked. The three- 
wire system of dircct-current distribution offered many practical advan- 
tages over a two-wire system, but its superior economy in copper was 
solely due to the doubling of the voltage at which the current was 
generated. In fact, the superiority lay with the two-wire system as far 


. as теге cost of copper was concerned when the actual voltage was 


made the same at which the current was generated. And, in the same 
way, the alleged advantage of one polyphase-current system over 
another in cost of copper was duc in effect to the use of a higher 
voltage. Board of Trade regulations might restrict them to certain 
voltages between certain wires, and by means of a device they might 
supply current from the station at a higher voltage and obtain a 
practical advantage, but he did not believe there was any difference 
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іп the efficiency of systems of distribution, whether by alternating ог 
direct current, so far as the copper was concerned, except such as arose 
from alterations of voltage. 


Dr. 
Sumpner. 


Against the use of alternating-current systems it was to be remem- ` 


bered that the maximum E.M.F. was V 2 times the average ; and then 
there was the increased current due to a low power-factor. The latter 
disadvantage was, however, not anything like so serious as was to be 
gathered from Mr. Sowter's remarks. Instead of 60 per cent., a power- 
factor of more like 80 per cent. occurred. But the whole question of 
direct v. polyphase currents seemed to him to resolve itself into this : 
There were two main conditions of electric supply. In the first, where 
they were transmitting power from a great distance, alternating systems 
had not to compete with direct currents, for direct current could not 
be used at very high voltage. Тһе other condition was when they 
were distributing at relatively low voltage in a small district. There 
they were not so restricted as to :choice of system, but were more 
limited by voltage regulations, and the question of economy of copper 
came in. An advantage of polyphase motors for use in factories was 
that they could use higher voltage than is employed with direct-current 
motors. By that he meant that, owing to the absence in polyphase 
motors of exposed parts connected with the mains, a higher voltage 
than that used with direct-current motors was equally safe ; and that 
taking this into account, the advantage as regards economy of copper 
for distribution in factories lay decidedly with polyphase systems. 

Mr. H. D. WILKINSON, speaking upon the advantages of alternating 
currents, said that the regulation obtainable by their use was very much 
better than was possible with direct currents in cases where power and 
light had to be carried over several miles. He had found that the 
highest pressure that could be used economically with direct current 
was 500 or 600 volts, and the regulation obtainable with this pressure 
was very unsatisfactory in consequence of the large currents required. 
In a distribution of this kind there were many advantages in poly- 
phase motors and also in polyphase distributing circuits and generating 
machinery. He was interested in a scheme connected with coal-mines 
in the Colonies. Тһе electric coal-cutters were operated with direct 
current; but the exposed parts in motors at the fairly high tension 
necessary for perhaps two miles of workings were disadvantageous. 
He had found, on the other hand, that the polyphase motor was 
excellently adapted to coal-cutting, as was proved also by their very 
successful use for this purpose in the north. There was this ad- 
vantage, that anything that had to be touched in starting up was 
merely at a low tension. Тһе rotor circuit was a low potential part 
of the machine, and the high-tension stator circuit could be made 
mechanically absolutely free from danger, while the stator main switch 
could be closed in. 

He agreed with Dr. Sumpner that the figures given by Mr. Sowter 
as to small power-factor were scarcely any guide, since they referred 
only to very small motors. Still, the power-factor became a serious 
question where one had to deal with a large number of motors 
distributed over a wide area; and he was hoping that a simple 
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apparatus would yet be devised for bringing up the power-factor 
automatically—in the way, for example, that over-excitation of the field 
of rotary converters serves to check a low power-factor. He was con- 
vinced, however, of the utility of polyphase motorsfor driving apparatus 
in factories and mines. 

Мг. С. В. ROSEVERE said that in point of general management, 
alternating currents gave much less trouble than continuous currents. 
Instead of the commutator there were the collecting-rings, with which 
nothing much could go wrong. Then the internal windings of the rotor 
were simpler and could be made more mechanical than those of the 
direct-current armature. Thealternating motor was made of fewer parts 
and was stronger, requiring less attention. Тһе distribution of power 
in factories to the various tools by three-phase currents could be carried 
out better and more economically than with continuous currents, the 
advantage being more especially present in the case of large tools. 

Mr. L. C. H. MENsinG had seen many important installations, both in 
the United States and on the Continent, which illustrated in a striking 
manner the way in which the polyphase system lent itself to every kind 
of work, and was more readily adapted and much safer than direct 
currents. The polyphase motor had only reached its present state of 
perfection through long and costly experience. Much of the wear of 
the direct-current commutator was due to sparking at starting, and this 
was absent in polyphase motors. Referring to several important in- 
stallations on the Continent which had had systems of direct-current 
power distribution and were now changing over to polyphase equip- 
ment, he instanced a case іп Barmen where he was told that the saving 
effected in cost of distribution and management by this change was as 
much as 50 per cent. The direct-current distribution of power in the 
Russian Government dockyards at Odessa was being replaced Бу a 
polyphase plant. | 

Mr. J. C. VAUDREY could not take quite the same point of view as 
Mr. Wyld in regard to the polyphase system. While for transmission 
of power over long distances, and possibly also for distribution in 
factories, polyphase plant might be desirable, vet as regards the cost of 
distributing mains іп a network system such as was to be found in 
London, Manchester, Liverpool, or Birmingham, we had still much to 
learn. He would have been glad if Mr. Wyld could have given them 
figures on this point. His own experience went to show that the 
direct-current motor gave very little trouble indeed. In Birmingham 
they had from two to three hundred motors in connection with the 
clectric lighting service at 200 volts, and they hardly ever heard 
anything about them. He denied that commutators gave any trouble 
in a properly made enclosed motor. Then, as to wiring, there were 
always three wires, if not four, in polyphase systems, as against two 
for direct current; and there was trouble in balancing the lighting 
load. He thought that the wiring and fittings were much simpler and 
better when direct currents were used. 

Summing up, Mr. Vaudrey said that he was of opinion, not merelv 
that the direct-current motor gave very little trouble, but that for 
purposes of gencral distribution over a restricted area there was vet a 
great deal to be said for the use of direct currents. 
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Мг. В. H. HousMaN considered the question of direct г. alter- 
nating currents to be of the greatest importance. Most of them who 
had had much experience in looking after a number of continuous- 

"current motors would rather hail the opportunity of dispensing with 

commutators. Faults were often due to copper dust from a drv 
commutator. The possibilitv of getting rid of commutators was а 
great point in favour of polyphase motors; but thev wanted informa- 
поп on other points. The ейсісіпсу of direct- current motors was 
ргейу well known, but figures were wanting on the etficiency of 
various sizes of polyphase motors and how it varied at different loads. 
Then, as to price, how did the polyphase motor compare in cost per 
kilowatt with the direct-current motor? Again, with regard to the 
question of balancing the three circuits, would ап unequally balanced 
lighting load combined with à motor load simply mean uncqual heating 
in the coils, or would it derange the working of the motors? Апа how 
did the Tesla single-phase motor compare in ethciency апа cost? 
Information was badlv wanted on alternate-current motors on many 
such points. 

Mr. A. M. TavLoR said that in most factories the loss of power in 
direct-current conductors was of small account, since with even 1,000 
amperes per square inch the drop was only 20 volts per quarter mile— 
а 5 рег cent. average loss. In appraising the relative merits of systems 
it Was a question rather of whether the installation was ultimately to be 
self-contained or to be supplied from some large scheme of power 
distribution. In the latter case it would be obviously an advantage 
to put down polyphase motors, tor it was questionable whether it 
would pay to put in rotary converters afterwards. But he thought 
that a very good case could be made for continuous currents in 
factories, <A vital point was the economy in power. It was this which 
determined in many cases whether clectric plant was to be put in 
at all. It had to be borne in mind that all the motors in factories 
were not loaded up to their full capacity. He did not think the average 
load would be much over 50 per cent. And the question then arose, 
would the polyphase motor compare favourably with the direct-current 
motor under these circumstances? From what he had seen, it gave 
70 per cent. as against 75 per cent. efhcicncy in, say 15 Н.Р. dircct- 
current motors—five per cent. clear gain for the continuous-current 
motor. Another serious defect of the polyphase motor was in the 
matter of speed regulation. This was commonly eftected by putting 
resistance into the rotor circuit; but to do-this was almost like putting 
resistance into the armature circuit of a direct-current motor, and they 
all knew with what disastrous results as regards economy this was 


attended. There were also two other methods of reducing the speed,- 


but these were not very satisfactory, and it seemed to him they must 
fall back on the resistance іп the rotor circuit. That afforded a poor 
range of regulation, whereas with a continuous motor they could quite 
economically vary the speed over a wide range. Lastly, with reference 
to the power-factor he thought that this would be found to fall otf with 
reduced load still faster than the efficiency, and so give rise to increased 
line losses, Mr. Taylor was therefore of opinion that both in the matter 
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of speed regulation and efficiency at small loads, the polyphase motor 
was not equal to the continuous motor. 


(Discussion adjourned, and resumed on April 17th.) 


Мг. А.Н. Bate remarked that, as Dr. Sumpner had pointed ош, 
the economy in the three-phase system was due to the high voltage 
employed. But this was limited by the stress on the insulation, and 
in Mr. Wyld’s case, the 350 volts used meant about 500 volts maximum 
stress. Іп considering the cost of mains it must be remembered that 
when they came to be replaced the old copper was valuable, whereas 
old insulation was worthless. A saving in copper which brought with 
it any increase in cost of insulation might not prove to be an economy. 
Then the torque of the polyphase motor was limited, while that of the 
direct-current motor was in an emergency almost unlimited. Had this 
limit any effect on the distribution, and was it necessary in consequence 
to group machinery on to a large polyphase motor rather than run each 
machine by separate small motors? With regard to the relative weight 
of different motors, he had compared the weights of 10 H.P. motors of 
two well-known firms, and found the semi-enclosed direct-current 
machine to be 15 per cent. lighter than the alternating-current motor. 
But this might be due to a diffcrence in rating. Some makers sold 
machines on the understanding that the load during a long uninter- 
rupted run would not rise above an average of 75 per cent. of full load. 
He would Бе glad to learn how polyphase motors were usually rated. 

Mr. A. PEARSON said that, neglecting the power-factor, the three-pliase 
system required only 75 per cent. of the copper required for continuous: 
current transmission ; but this difference was almost neutralised iu 
practice when account was taken of the power-factor. Then, the 
initial cost of polyphase generating plant was much greater. And the 
starting currents gave rise to more difficulty in regulation than did 
those of continuous motors. The commutator also of continuous 
current machincs was not nearly as bad as it was painted, and this was 
at most but a negative advantage for the polyphase motor. He thought 
Mr. Vaudrey's recommendation of the continuous-current motor was à 
very good опе. In comparing the price of motors it was important, of 
course, to specify the speed. At slow speeds, the price was a point 
in favour of the direct-current motor. "The direct-current system was, 
finally, very much simpler in wiring and in everything connected with 
the measuring and controlling appliances. 

Mr. A. B. BLACKBURN said that the Electric Construction Company 
had been making polyphase motors and they worked satisfactorily, but 
it must be borne in mind that all that could be done by a polyphase 
motor could be done by a continuous-current one also, and much more 
besides. For, while the polyphase motor corresponded to an ordinary 
shunt motor, there was nothing to correspond with a series or compound 
winding. The system certainly required less copper, but there must be 
much more wiring. Тһе starting current was also relatively great, and 
this was serious if many motors had to be started at the same time. Іп 
introducing a new motor we must be cautious in making the change. 
The advantage due to absence of commutator was entirely illusory, 
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Any good maker could ensure absolute sparklessness ; while, on the 
other hand, it was necessary to have a very small clearance indeed in 
order to obtain a good power-factor. 

Mr. HENRY LEA had, since the last mecting, had the pleasure of 
secing Mr. Wvld's polyphase plant at Wednesbury, and was certainly 
struck with the appearance of simplicity. He thought there must be 
an advantage in the high-tension current being confined to the fixed 
coils of the motors. The three wires instead of two did not suggest 
anv difficulty. They were simply formed into one cable and drawn 
through iron pipes. The question seemed to resolve itself into two 
points. First, did the polyphase system cost more or cost less than 
the continuous current ; and second, what was the value of the ad- 
vantage arising from absence of commutators? If with a greater cost 
the polyphase system was still used, some other reason than that of 
cost must be found for its adoption. Was it that there were no com- 
mutators? Not that Mr. Wyld had made a bugbear of commutators, 
but he, Mr. Lea, had never had much trouble with commutators. He 
had put down a number of motors for fans at the Birmingham General 
Hospital, including one 74 H.P. motor ; three 6 H.P. and four 5 H.P. 
motors. These had been running continuously night and day, weck- 
days and Sundays, for a period of over three and a half years, except 
when stopped for turning up the commutators. Тһе 7% Н.Р. motor 
had run over three years before its commutator had required turning 
up, and had used up one and a half pairs of brushes. Of the four 
5 H.P. motors, two had their commutators turned up three times and 
the others twice in the period. This showed that under good condi- 
tions the cost of new brushes and repairs to commutators was hardly 
worth considering. Тһе speed of these motors could be altered over 
a range of from. goo to 450 revolutions per minute without the use of 
resistances in the armature circuits, and therefore with practically no 
loss of etficiency. Such regulation of motors generally was, however, 
not often required. Mr. Wyld had said a good deal in his paper on the 
subject of regulation of speed of polyphase motors, but the necessity 
for regulation of speed was the exception rather than the rule, so that 
the objections against polyphase motors on this score were not of very 
great importance. 

Мг. W. WY Lp, in replying, said : The figures given by Mr. Sowter of 
tests of very small single-phase motors hardly bear, I think, on the 
question of polyphase equipments, and as to the low efficiencies which 
he gives, I think, with Dr. Sumpner and the other speakers, that 
instead of the power-factors being only 43 to 62 per cent., that they 
arc more like 80 per cent. for polyphase motors. It is hardlv to be 
expected that Mr. Vaudrey, who has so large and successful continuous- 
current supply in his charge, should see eye to eye with any one advo- 
cating another system; but I am afraid that in speaking he rather 
turned his thoughts and remarks to the question of distributing energy 
over large areas, such as town supply, for he said I had entirely failed 

ilo give апу data on mains distribution, which was of supreme im- 
portance in large towns, and that, as far as he could gather, the poly- 
phase current had not been distributed in the network system such as 
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was іо be found in London, Manchester, Liverpool, or Birmingham. 
I quite agree with Mr. Vaudrey that there is a great deal to learn in 
that direction, but would remind him that the paper under discussion 
was not on this subject. With respect to his remarks upon the poly- 
phase plant which he had seen with so many loose wires hanging 
about, I must say I think it an extreme case, and that this cause of 
complaint was more the fault of the person who was responsible for 
the work, than of the system. І am pleased to hear from our chairman 
that he was not so much impressed by the number of wires whilst seeing 
over my plant, and I might add that whilst going through the shops he 
asked where thev were. I, of course, referred him to Mr. Vaudrev. 
I was pleased to hear that the commutators of the continuous-current 
motors gave no trouble in Birmingham, and I think many enginecrs 
throughout the country will wish theirs would behave as well. Mr. 
Housman evidently had not found continuous-current motors to behave 
as well as Mr. Vaudrey had, and therefore hails the opportunity of 
getting rid of the commutator troubles. With respect to his enquiry 
as to the ethiciencies of polyphase motors, the commercial efficiency 
of a 20 В.Н.Р. motor is about 91 per cent. at full load. and about 87 to 
88 per cent. at half load. With respect to the variation of load on 
ditferent phases, this is only due to an alteration on the lighting circuits, 
tc, between any of the phases and the neutral, for all the motors are 
connected up to the three phases, and thus are balanced. Should. 
however, the lighting load get very much out of balance, it does not 
aftect the motor load at all, and the variation in voltages on the lighting 
circuit is not nearly so serious as is usually thought. For instance, if 
all the load be thrown off two of the three phases, the variation ot 
pressure on the one left is only about 2 per cent., and this docs not 
derange the working of the motors. In answer to the enquiry as to the 
prices of polvphase motors compared with those of continuous-current 
machines, for small motors there is a difference in favour of the polv- 
phase, whilst for larger machines with wound rotors there is not much 
difference. Referring to the inquiry re the Monocyclic System 
designed by Mr. Steinmetz, of the American General Electric Company, 
this is scarcely a polyphase system, but an arrangement for enabling 
single-phase motors to start under load by the addition of а teaser 
winding, whereby a small current 90° apart from the main current 
enables the motors to act at starting as two-phase machines and start 
under load. 

Mr. Tavlor asked if the efficiency of a polyphase motor at half 
load would compare favourably with a continuous-current motor at 
half load, and seemed to think that thé continuous-current motor had 
at least 5 per cent. better efficiency. I have particulars of some tests 
of several polyphase motors of various sizes, and instead of the 
efficiency being, as Mr. Taylor said, only 70 per cent. at half load, it 
works out at more like 88 per cent. for half load and 80 per cent. for 
quarter load ; so that the average efficiency on an all-day load for a 
polvphase motor is distinctly higher than that of an ordinary con- 
tinuous-current motor is, and is not nearly as bad as Mr. Tavlor 
appeared to think it was. With respect to their efficiency at various 
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speeds, however, though the power-factor remains constant the 
efficiency is not as high at slow speed, but is not nearly as low as Мг. 
Taylor made it out to be; and it must be remembered that these 
variable speed motors, such as are used on cranes, etc., are not run for 
very long periods at slow speeds, so the loss is not as serious as is 
usually thought. 

In answer to the enquiry how I obtained thc figure of 42 per cent. 
for the load-factor on the generating station, I took it in the ordinary 
way, L6, - шн (при м 
С maximum load x hours 

In answer to Mr. Batc's inquiry as to whether the polvphase motor 
would stand overloading for a short time, it would stand it as well, if 
not better, than a continuous-current machine up to at least 50 per cent. 
It is not necessary to group machines together on to one motor for 
this reason, as the polyphase motor can be direct-coupled to an indi- 
vidual machine if desired. With respect to the weight of polyphase 
motors, it must have been an exceptional case that Mr. Bate had taken, 
for as a rule the polyphase motor is iighter than the continuous. Mr. 
Pearson referred to the induction in the three cores; this is usually 
got over by twisting the three cores round cach other. "The voltage is 
not appreciably affected with the starting of a motor, particularly one 
with a wound rotor and a starting resistance. Only one ammeter is 
necessary to measure the current taken by a motor, and not two as 
suggested by Mr. Pearson. In reply to Mr. Vaudrey's query, I don't 
think there is very much difference in the makes of polyphase motors, 
not nearly as much as in continuous-current machines. І am sorry to 
hear from Mr. Blackburn that a polvphase plant is being taken out, but 
am glad he told us that it was not necessarily the fault of the svstem. 
With respect to the disadvantage of wiring for polyphase motors, I 
have not experienced any difficulty. I was glad to hear our chairman 
speak as he did on the simplicity of the wiring ; he certainly appeared to 
expect to sec a lot of wires when he came round the works. Іп answer 
to the first point which he raised as to the cost of the polyphase system, 
I might say that when we were putting down our plant we had tenders 
and quotations in for a continuous-current plant from several of the 
best makers, and the polyphase was below the others in cost. This, 
of course, may not be the gencral rule, but in this particular instance 
it was considerably lower on the whole than the continuous-current 
system. With reference to Mr. Lea's remarks about variable speed 
motors, I may say that all of this class that we use are on cranes, and I 
think with Mr. Lea that, as a rule, they are of secondary importance in 
a factory. 


Мт. Wyld. 
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NOTE ON DUPLEXING OF CABLES. 
By Н. Н. KINGSFORD, Member. 


It is, I believe, customary when duplexing a long cable 
to use artificial line somewhat but not much shorter than 
the cable proper, but to the best of my knowledge the 
method which І am about to describe, and which requires 
but a comparatively small amount of artificial line, was not 
employed until it occurred to me some time ago ; it has 
now been in use for many months. 

A fal in the insulation of some underground cables 
between hut and office threatened to interfere with duplex 
working, and it became necessary, therefore, to devise some 
plan which would obviate the difficulty. The method which 


зо М8. | Cable 


FIG. г. 


I adopted was simplicity itself, and proved entirely satisfac- 
tory. It consisted merely in placing a resistance earthed 
at about its middle point between the commencement of the 
cable and that of the artificial line. The length of the cable 
was eight hundred knots, the artificial line which was normally 
employed having a resistance of 7,435 ohms and a capacity 
of 232 microfarads. When a resistance of 2,000 ohms, 
earthed at about its middle, was placed between the points 
above named, we found that the last two boxes of the 
artificial line, representing 2,304 ohms and 72 microfarads, 
could be dispensed with without making any perceptible 
difference to the balance, the signals at the distant end being 
as easy to read as they were before the earthed shunt was 
applied. Using a shunt of lower resistance we were, as 
might be expected, able still further to shorten the artificial 
line, but, with the same battery, signals were of course very 
small when the resistance of the earthed shunt was very low. 
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As an experiment we worked duplex through a K.R. of 
2:06 x 106 Тһе insulation resistance of the underground 
cable at the sending end varied somewhat, the average being 
probably about 2,400 ohms, which was balanced by a leak 
"L" of corresponding resistance. The shunt * S" had a 
resistance of 200 ohms, earthed at about its middle point, 
and the K.R. of the artificial line was 37,400. Тһе signals 
were readable, but they were not good ; I have no doubt, 
however, that we could have made them perfectly safe, 
despite the variable resistance of the underground cable, 
had we devoted more time to the experiment. The con- 
nections are shown in Fig. 1. 

When using the earthed shunt method at one end of the 
cable only, the resistance of that shunt may sometimes be 
very low if the balance at the distant end be perfect and if 
the distant recorder be very sensitive, as under those condi- 
tions both stations could, assuming the electrical condition 


RO 


Ес. 2. 


of the cable to be safe, use a large E.M.F. for signalling, 
and the distant station could obtain good signals with the 
minumum amount of current. 

This method of course facilitates obtaining and main- 
taining duplex balance as it makes the recorder somewhat 
sluggish, which is often an advantage, and renders any 
change in the cable due to fault, etc., less apparent. 

We made also experiments with a double-wound recorder 
coil, connections as їп Fig. 2, with which arrangement the 
greater portion of the received current is utilised in the 
recorder ; but a condenser or its equivalent is, of course, 
necessary in the recorder circuit when the cable is subject 
to strong and variable currents from earth, atmosphere, or 
fault. Many different arrangements of resistances or con- 
densers, or of both, will doubtless suggest themselves, but so 
far the plan, Fig. 1, has always given entire satisfaction. The 
advantages of the * Earthed Shunt" method appear to be, 
as already stated, economy in artificial line, and facility for 
obtaining and maintaining duplex balance, 
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THE CAPACITIES OF POLYPHASE CABLES. 
By ALEXANDER RUSSELL, M.A., Member. 


In order to calculate the currents due to capacity that 
will flow in the various conductors of a polyphase cable, 
it is necessary that certain measurements be made, not only 
of the capacity of each conductor, but also of the mutual 
capacities between it and the other conductors which form 
the cable. Ав these conductors are generally arranged 
symmetrically, two, or at the most three, measurements of 
the capacities are all that need be made, as all the others 
can then be deduced by simple formule. The object of 
the following paper is to prove these formule, and to 
indicate how they can be used in certain important 
practical cases to calculate the capacity currents in the 
mains, Professor C. E. Guye has pointed out! that con- 
centric mains 'are unsuitable for polyphase work at verv 
high pressures owing to their high capacity, and also be- 
cause the condenser currents are not symmetrically dis- 
tributed between the three conductors. 

Electricians, when they first attack the problem, are 
puzzled by the apparent complexity introduced by the fact 
that the quantity of electricity on any one conductor 
enclosed in the sheathing of the cable depends, not only 
on its own potential, but also on the potentials of the 
neighbouring conductors, and hence it is not allowable to 
assume that the charge on any one conductor divided bv 
its potential is a constant. Professor Guye,? however, has 
shown that іп the important case when the various arms of 
the system are symmetrically loaded, we are justified in 
making this assumption, and he has given an easy graphical 
method of taking the capacity currents into account. 

А discussion of the general problem of the charges оп 
conductors when neighbouring conductors are at given 
potentials, has been given by Clerk Maxwell, and Oliver 
Heaviside has given formule for calculating the capacities 
and coefficients of electrostatic induction for overhead 
electric wires.4 Maxwell defines the capacity of а con- 


| L' Éclairage Electrique, Jan. 20, 1000; Science Abstracts, vol. iii., p. 437. 

> “Les Courants de Capacité dans les Lignes Polyphasées Sy metriques, D 
L' Éclairage Electrique, June 16, 1900 ; Science Abstracts, vol. iii., р. 723. 

з Electricity and Magnetism, vol. i., 8 87. 

+ Tourn. Soc, Tcl. Eng., 1880, vol. ix. p. 11 g. 
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ductor as its charge when its own potential is unity and 
that of all the other conductors is zero. He shows that the 
charge д; on any conductor whose potential is гі may be 
written in the form 


= Kii ci + Ку» 2 + К;.; t3 Tob Ks би... 


where K,., is the capacity of the given conductor according 
to the above definition ; 15, v4, . . . the potentials of neigh- 
bouring conductors, and K,2, Куу, . . . are constant co- 
efficients which are called coefficients of induction. Any 
one of them, as K,,, denotes the charge on the given 
conductor when the м” conductor is raised to potential 
unity, all the other potentials being zero. Тһе mathe- 
matical calculation. of these coefficients is difficult, and 
in the case where the section of these conductors is not 
a geometrical figure, as in the TZ 
“clover leaf" three-phase cable 
made by the British Insulated 
Wire Company, a rough approxi- 
mation is obviously all that is 
possible. We have not attempted 
these calculations in this paper. 

Maxwell states that the di- 
mensions of capacity and co- 
ethcients of induction are the same 
as those of a line, so that the 
magnitude of each of them can be represented by а 
straight line, whose length is independent of the system of 
units employed. АП the coefficients of induction of а 
conductor as, for example, К;.2, К;.; . . . are negative, but 
the numerical value of the sum of them all can never be 
greater than К,.; the capacity of the conductor itself, which 
is of course always positive. 

Single-Phase Cable. 

Let the two conductors (Fig. 1) be embedded in insu- 
lating material. Let Кү. be the capacity per mile of No. т 
conductor, let v, be its potential at any instant, and let К 
be the coefficient of mutual electrostatic induction per mile 
between the two conductors. We will assume that 7, 1s 
practically constant throughout the whole length of the 
cable at any instant. In other words, we assume that the 


Fic. 1. 
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ohmic drop is negligible. Then И д; be the quantity of 
electricity in a mile of the conductor— 


9: = Kr: т + Куо Сэ. de з жо ож XS я (1) 


where v; is the instantaneous value of the potential of No. 2 
conductor. 


Similarly— 
42 = Ка + Kai. . . . ee (2) 
But from symmetry— 


Kas — Kiai and Kis = Ko. 
Hence— 


q2 = К... Ve + Krav 


Now if the fault resistance of No. І main, ie., the re- 
sistance of all the leakage paths of No. 1 main to earth, be f, 
and the fault resistance of No. 2 main be №, then since the 
sum of the leakage currents from No. 1 to earth must equal 
the leakage current to No. 2 from earth, therefore— 


pos 7% 
есі — = о 
fh f 


Let v equal the potential difference between the mains, 
and let F be the insulation resistance to earth of the two in 
parallel, then— 


| 7, 
= — апа Е = Jida 
Та + /» 


Ur 72 v 


E BTF 
Апа-- 


These equations show that v, and 2, are similar curves, 
and that their phase-difference 15 180 degrees. 

If и denote the condenser current flowing into No. І 
conductor, and i, be the condenser current flowing into 
NO, 2 conductor, then— 
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dq, 
di 


1: = 
dv, dv, 
PI di dt 


_ he dv, 
== (кы a Кз)" 


= K + Kia 


Similarly— 
T fi dis 
15 — ( Kiet ШЕЛ К.а) 

Hence, in calculating the capacity currents of the cable 


shown in Fig. 1, we can suppose that it has no capacity, 
and that the conductors are connected to the sheathing 


FIG. 2. 


through two condensers (Fig. 2) whose capacities K' and 
K" are given by the equations— 


K' — ка-” К, 2 
К" = Ki, Ki 
1 fe 
If I, and I; are the effective values of i, and 12, then— 
Lo KA 
az K" f; 


If v be the potential difference between the conductors 
т and 2, it has been customary hitherto to calculate the 
condenser current i by the formula— 


; dv | 
b= Кор 
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where K is the capacity between the two conductors. Now 
by formulz (1) and (2) it is easy to show that--- 


fi — lo = (кы — Ksa) 
and we will show later on that— 


К = (к... = к...) 
2 


de 


di 


Hence— 
ы Та) 
Since v, and v2 are similar curves that differ in phase by 
180 degrees, it follows that 7, and /; are similar curves which 
also differ in phase by 180 degrees, hence— 


[= ШШ == э], 
where I is the effective value of 7. 
Hence— 
КЕГЕ i 
К RO 
Ап — 
“ОК Л + К" 


If 1, is greater than I, 1„ is smaller, and vice тегхо, 
In the case when No. 2 conductor 1$ earthed— 


. de, 
ары dt 
» EE dz, 
їз = Кз | 
m к К di 
i= (Kes =) | 
a a 2Кш 2-22. 
ан аттаса ут, 


Example.—In the lead-covered low-tension twin cable of 
the British Insulated Wire Co. described at the end of the 
paper, K;., is 0:53 mfd. per mile, and Ку.» is — о10. Hence 
if No. 2 conductor be earthed— 

1:06 
I, ® m I 541 

And— 

I, = 0461 

When the system is balanced— 


д = f2 and К’ = К” = 2K = K,,-— Ki 
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In this case— 


Determination of Кіл and Ку. for single-phase cables. 


(1) Measure the capacity K, between one conductor, 1, 
and the other in parallel with the sheathing, 2, S, then by 


definition— 
Ki. = К, 


(2) Measure the capacity К. between the two conductors 
in parallel, 1, 2 and the sheathing, S. From equations (1) 


and (2)- | | 
А + go = 2 (Ка + К...) 2 


Hence— 


, I i 
Куз + Kas = 3 K, 


-— 


fc (к. € к.) 


A knowledge of K,.; апа K,.; enables us to write down 
the capacity K between the two conductors. Since the two 
conductors are surrounded by the lead sheathing, and hence 
are completely screened, we must have— 


Чї + q2 = 0. 
Hence from equations (1) and (2)— 
(Ку + К) (гі + га) =:0 
S. Ч: = (Ki. == К..2) vI 
= (Кз c K;.2) (г a га) 


It also follows that— 
4 К + К. =4К.. 
This equation can be used to check our measurements. 


Г hree-phase Cables, 


We will Suppose that the three conductors аге зуп-- 


1028 RUSSELL: THE CAPACITIES OF POLYPHASE CABLES. 


metrically embedded in the dielectric. Then if we neglect 
the resistance of the conductors and use the same notation 
as before— 


gr = Кус + К,.27 + К;.; V3 
q2 == K^: 21 + К..2 72 + K2.3 V3 
q3 = Ка171 + K357; + Кз.3 73 


From symmetry K,, = К... = К;; and K,4 = Кз. etc. 
When the potentials to earth are balanced, which is the 
important case in practice, then— 


т +72 + 13 — O0 


Therefore— 
ді = (Ку. == K;.2) 21 
q2 = (Кі. == K;,.2) 1'2 
д3 = (Ker — Kia) 23 


Hence in calculating the capacity currents in practice, 


FIG. 4. 


we can suppose that the conductors have no capacity and 
are joined to the sheathing (Fig. 4) by three condensers, 
each of capacity 2 K, where— 


2 K = К,.; — К, 


This theorem is due to Professor Guye. 


The exact calculation of the capacity currents when the 
potential differences between the conductors and earth are 
not balanced is difficult, but a minimum limit can be fixed 
to the sum of the three condenser currents. 
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Let А, і and i4 be the three condenser currents, then— 


m Р 2 і 
ly — 12 = (Кы = К.а) 2 (vi == 2) 


dv 
=2К di = (i 
| | dy" 
12 — l} = 2 — = 4 
с 3 dt : 
; | Lge 


where v', v" and v” are the mesh voltages of the three- 
phaser. In general when the P.D.'s to earth of the three 
conductors are out of balance, the waves of Р.О. 2", o" and 
7" between the three terminals of the machine are all of 


ш shapes. Hence, if A,, A; and А, be the effective 
Values of a, az and аз, we can write— 


Ar=aV'2Kf, A, 29 V'2Kf, and A, = yV" 2 Kf, 
Where the value of a, В or y cannot be less than 27 and f is 
"i frequency, It can be proved that I, + I; + I4 is never 

ss than 4 (A, + A, + A4), hence I, + 1. + I, 15 never less 


di 2n (V' p Vr + V") KJ. K isthe capacity between any 
9 of the three conductors. 


To find Kr: and Күз for a three-phase cable. 


І, a Measure the capacity K, between one of the mains, 
then— e others in parallel with the sheathing, 2, 3, S, 
VOL. XXX. озы К, 
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(2) Measure the capacity К, between т, 2, and 3, S, 
then— 


Ki T Кл = > К, 
fron (к. -i к.) 


Knowing the values of K,., and K,.;, we are able to write 
down all the various combinations of capacities between the 
conductors and the sheathing. 

The capacity between 1 and 2, 3, $ = Ka: 


» » n I, 2 and 3,9 = 2 (Ky: + K;.;) 

m с » I, 2, 3 and S — 3 (Кіл + 2K,.2) 
І 

» ” ” I and 2 — 2 (Kra = К..2) 

” ” ” I and 2,3 52 5 (К, а-- Кү. 2) 


Makers, therefore, when describing cables should give the 
values of K,., or К,.2. 


Two-phase cables with four separate conductors. 
Using the same notation as before, we have— 
qı = Ky.1 V1 + Krav + Кі. v3 + Kr, 2а 
and three similar equations. 
From symmetry— 
гу = Kon = etc. 
Ку. = Ky.4 = К.з etc. 
К... = Ks, 
*. 4: = Кілт + Ke347, + Kra (v2 + v4) 
Now 1f the system 15 balanced— 
Vv, + 73 = 0 
22 + 04 = О 
Непсе— 
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Hence, when we neglect the resistance of the conductors, 
the effect of capacity сап be shown by imagining that the 
conductors have no capacity, but are joined by four con- 
densers, each of capacity Kr: — К,.; connected star-wise 
between the conductors (Fig. 6). This theorem is also due 
to Professor Guye. 

If the P.D.'s to earth are not balanced, then— 


1 | d: hs" 
и — 12 = (Кы тт к...) di ERE: (к. == К.з) 


where v = v; — i9 and v" =7, — yp 

Hence, as in the case of three-phase mains, we can find 
an inferior limit to the sum of the four effective condenser 
currents. The graphical solution of the problem is in this 
case difficult, as we need to have recourse to solid 
geometry. 


To determine Ky. and Ky.3— 


(1) Measure the capacity К, between т and 2, 3, 4, 5, 
then K,., = КІ. 
(2) Measure the capacity К. between 1, 3 and 2,4, 5, 


then Ki. + К... == 


Min 


К», 
І 
K;.4 = — (К, —-; Кз) 


Тһе capacity K4 between т and 3 when 2, 4, S are to 
earth в (Ks, — К.з) hence— 


4 К; + К, = 4 К; 


This equation сап be used for checking purposes. 

Many similar relations between the capacities of various 
combinations of the conductors can easily be written 
down. 


Two-phase cable in which the common return conductor 18 
a cylinder surrounding the other two. 


In Fig. 7, (1) and (4) are what are ordinarily called the 
two outside conductors, and (23) ог (ғ) is their common 
return. Тһе copper used in (x) is r'414 times thé copper 
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uscd in either (т) or (4). When the system 1s balanced, the 
Р.О. between (1) and (л) is equal to the Р.О. between (4) 
and (x), but differs in phase from it by 9o degrees. The 
Р.О. between (1) and (4) is 1'414 times the Р.О. between 
(1) and (x), or between (4) and (x), and its phase difference 
from either of them is 135 degrees. 

Let «1, гу and v, be the potentials from earth of (1) (x) 
and (4) respectively, then as before—- 


qi — Куз CL + К... rant + К... T4 
йу = К, 11+ К... te + К, T4 
Ja = Құт + Kyr te + Kyy vy 


From symmetry K,., = К... and К, = Ke, etc. 
Since one conductor surrounds the other two, we must 


have at every instant 4: + gx + 94. = О. Since also vi, v, and 
2, can have any values, 


’. Kir + Ker + Kyr = 
Kos + 2 К... —O 
*. фу = Кул (ту — Ue) + Krag (vy — vr) 


енсе = Ка 


where v = vi —7, and v" = i, — 1, 

Но and v" are similar waves differing from one another 
in phase ру Mii е then the curves represented by 
dv 
di 4" 
if in Mo the effective values of v' and v" are equal, 


, and 
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then the effective value I of the condenser current in either 
(1) or (4) is given by— 
> > ( dv N2) 
[12 = | К,.:2 + К? mean value of _ | 
| 1 
Nm Ux + -— 


where a is a constant depending on the shape of the wave, 
Vix 15 the Р.О. between (1) апа (ғ), and fis the frequency. 


The minimum value of a is 27. 
If the condenser current in (ғ) is i, then— 


СК v ig A 
EE dt dt 


Vd me Veg V2 Ruf 
а Vir 4/2 (Kia + К...) / 
= a Virg (К: + К...) /. 
It easily follows from these formule that I, is always less 
than 42 |. 

Example. In the twin concentric cable described at the 
end of the paper, K,,2 0'233 microfarad per mile, and 
K,., = — 0048 mfd. per mile. Hence for a cable a mile long 
I; z a V, f x 0168, and 

I, — a Vi. f x 02602 =а\,., f х 0185. 

As the values of the capacities and coefficients of mutual 
electrostatic induction are apparently not well known to 
electricians, the following data which were given to me by 
my old pupil, Mr. Е. E. Mackee, of the British Insulated 
Wire Company, will prove useful. The cables experi- 
mented on were chosen so as to illustrate the formule 
given in this paper, and I am deeply indebted to Mr. 
Mackee for the trouble he has taken in testing them. 1 
have also to thank the British Insulated Wire Company for 
permission to publish his experimental results. 


Lead-covered low tension twin cable. В. I. М. Co. 
Working pressure in volts — 200. 
Section of conductor = o'1 square inch = 0°65 sq. ст. 
Min. distance between the two conductors = 0°23 ст. 
Min. distance between either conductor and the 

sheathing = 0°23 cm. 

Insulating material: Impregnated paper. 
Mean Specific Inductive Capacity = 2°8. 
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The capacity per mile between one conductor and the 
other conductor in parallel with the sheathing (Kı) is 
0'53 mfd., and the capacity between the two conductors in 
parallel and the sheathing is 0°74 mfd. 


Hence— 
К = 0°53 
2(K + Кы) = 074 
SS Ky. = —o'16 


The capacity between the two conductors— 


== (Kas = к...) 
2 i 


= 0'345 
= 0'34 (by measurement). 


The capacity of the theoretical condenser for balanced 
working— 
= Kan К,, 
= 0'69 mfd. per mile. 


Three-phase “ clover leaf” extra high tension cable supplied 
to the Manchester Corporation. В. 1. W. Co. 


Working pressure in volts between the conductors 
= 6500. 

Working pressure between any conductor and the 
sheathing = 3750. 

Section of a conductor = o'15 sq. inches = 0'97 sq. 
cm. 

Min. distance between cond. and sheathing) 

Min. distance between any two conductors) 

Insulating material ; Specially prepared paper. 


=0'86 cm. 
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The capacity per mile between two of the conductors in 
parallel and the other in parallel with the sheathing, i.e. 
between т, 2 and 3,5 is 0:436 mfd., and between the three 
conductors and the sheathing it is 0:488 mfd. 

Hence— 

2 (Kri + К...) = 0°436) 
And 3(К,; + 2 Kr2) = 0488) 
“. Ky, = 07273 
Апа Km = — 090553 


These quantities K,, and К,, determine all the other 
capacities. 


For example— 
The capacity between 1 and 2, 3, S = Kn = 9272) 
By measurement = 0°268 


The capacity between 1 and 2 -— (Ki, - кы) = 0'164 
Ву measurement = 07165 
The capacity between 1 and 2, 3 = (Kr — Kra) = d 


By measurement = 07217 
The capacity per mile of the theoretical condenser required 
in calculations— 
= :% = К... 
= 0'328 


The pressure across the terminals of this condenser is 
3750 volts, hence the minimum value of the condenser 
current in each conductor when the potentials to earth are 
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balanced, is 0:386 ampere рег mile of cable when the 
frequency is 50. 


Lead-covered four-core pilot cable. B. I. W. Co. 


Working pressure in volts — 100 


Section of conductor — 0'007 SQ. inch. 
== 0'045 54. СІП. 
Min. dist. bet. adj. cond. = 018 cm. 
» » у» cond. and 
sheathing = 0715 cm. 


Insulating material : Impregnated paper. 
Mean S.I.C. —2:8 


MIT 


By experiment— 
The capacity between т and 2, 5, 4, 5 — 0234 
1, 3 and 2, 4, 5 = 0454 


” » 


Hence— : 
~ Kuas с 
And 2(К,. + Ку) =0°454 
2. Куз = — 0007 


The capacity between (1) and (3) = 1 (x. — К\з) 
= 0120) 
Ву measurement = 07120) 
The capacity of the theoretical СЕЕ =. К. 


for balanced working 
= 07241 


— « 
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Twin concentric cable for two-phase currents. B. 1. W. Co. 


Working pressure between inner conductors— 


= 2700 volts. 
» p » either inner and outer ring— 
— I9oo volts. 
Section of inner conductor = 0:025 sq. inch. 


O'IÓI Sq. cm. 
Section of outer ring conductor = 1'414 x o'161sq.cm. 
= 0'228 sq. ст. 
Min, dist. between inner cond. = 0:56 cm. 
5 » , inner and outer = 0°63 cm. 


The capacity between 1 and 4, x — 0233 
The capacity between 1, 4 and x — 0'370 


Hence— 
Кы = 0'233 
2 (Ki + Кі) = 0370 
V Ка = — 0048 


The capacity between 1 and 4 -- (к. ш к.) 


= ud 
By measurement = 0:149 
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VOL. XXX. I9OI. No. 152. 


The Three Hundred апа Sixty-fifth Ordinary General 
Meeting of the Institution. was held at the Society of 
Arts, John Street, Adelphi, on Thursday evening, May 
9th, 1901— Professor JOHN PERRY, F.R.S., President, in 
the Chair. 


The minutes of the Ordinary General Meeting held on 
May 2nd, 1901, were read and confirmed. 


The names of new candidates for election into the Insti- 
tution were announced, and it was ordered that the list 
should be suspended in the Library. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associates to that of Members :— 
George Sutton. 
From the class of Associates to that of Associate- 
Members :— 


William P. Durtnall. | Oswin Hansom. 


Messrs. S. Joyce and A. Russell were appointed $сгий- 
neers of the ballot for the election of new members. 


A donation to the Building Fund was announced as 
having been received since the last meeting from Mr. C. F. 
Wilkins, to whom the thanks of the meeting were duly 
accorded. 


The PRESIDENT : 1 have to announce that the area of 


the Glasgow Local Section has been defined. И is an area 
VOL. XXX. 68 
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enclosed in a circle of fifty miles' radius from some point in 
Glasgow, excluding that part of the circle which lies east of 
3:30 meridian of longitude, which leaves Edinburgh out of 
the circle. 


STORAGE BATTERIES IN ELECTRIC POWER 
STATIONS, CONTROLLED BY REVERSIBLE 
BOOSTERS. 


By |. S. HIGHFIELD, Member. 


The use of storage batteries in direct current central 
stations has now become general, but there seems to be a 
great divergence of practice among station engineers in the 
matter of the proportion that the battery bears to the steam 
plant. A table in the Appendix gives the proportion of 
battery capacity to the steam plant capacity in many direct 
current stations, the figures having been obtained through 
the courtesy of the engineers of the various towns in sup- 
plying the figures. There seems to be no good reason for 
this great diversity of practice, and this paper is written with 
the object of putting before engineers what seem to be the 
chief points in considering the designing of batteries for the 
work they are called on to do in central stations, and to 
describe subsidiary apparatus which may be found of use 
and convenience іп operating batteries. It is convenient to 
divide stations into three varieties, namely, (1) Lighting and 
general supply stations; (2) Traction stations; and (3) 
Combined stations for supplying to: the general town 
network, and to a tramway system. 

In laying down a station for a general town supply, 
where the load factor may not be more than 12 per cent., 
and where the difference of the magnitude of the load in 
winter and summer is great, it has been customary to instal 
a battery having a capacity, reckoned at a three-hour rate 
of discharge, of but a small proportion of the whole station 
plant. This battery is usually very useful in the first years 
of the supply, but as the load increases from year to year, 
the battery is worked altogether beyond its capacity, and so 
falls into a bad state of repair, and into disuse; and additions 
to plant do not very often include corresponding additions 
to the battery. This ill-treatment of the battery is very 
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frequent in stations where the battery works the night shift, 
as there is a great temptation to delay increasing the 
capacity of the battery or the hours of working the plant 
till the last possible moment, and the battery under these 
circumstances is frequently run down ; needless to say it is 
very soon irreparably damaged. It seems hardly necessary 
at this date to insist on the absolute necessity of using 
storage batteries with the greatest care, of giving them at 
least as much skilled attention as the rest of the station 
plant. If anarmature becomes grounded, or a commutator 
damaged, the repairs are not a very serious matter, but 
neglect of a battery, too heavy charging or discharging, 
insufficient charging, and over-discharging, damage to some 
extent every plate in the battery, and consistent treatment 
of this sort will rapidly reduce the storage capacity, and the 
efficiency of working at the same time. 

In an ordinary lighting and general supply station, the 
battery is nearly always divided into two parts—one, the 
main battery, consisting of a number of cells arrived at by 
dividing the pressure in volts maintained at the bus bars by 
2'5, the usual voltage at which charge is assumed to be 
complete; the remaining part of the battery consists of 
such a number of cells as to make the whole number in the 
battery equal to the figure obtained by dividing the bus bar 
volts by 1:85, the lowest pressure to which it is usual to 
allow each cell to fall on discharge. This second, or regu- 
lating section of the battery, is connected to switches which 
enable more or less of the regulating cells to be connected 
to the bus bars; the arrangements differ somewhat in 
different stations, but substantially this is universal practice. 
For charging, a special dynamo is run at the necessary pres- 
sure, or boosters are used to raise the bus bar pressure to 
that desired. 

These devices of heavy regulating switches, boosters, 
and their connections, are exceedingly costly, and very 
difficult to operate in practice; moreover the risk of short 
circuits between the bars: connecting to the regulating 
switches 1s somewhat great, and in most stations the battery 
switch gear is more complicated and more costly than any 
other part of the switching equipment. Тһе arrangements 
for charging the battery are two: one is to disconnect the 
battery entirely from the working bus bars, and to connect 


1042 HIGHFIELD: STORAGE BATTERIES [May 9th, 


Fic. 1.—Arrangement of Variable Pressure Lighting Booster. 


Digitized by Google 
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it to bars at a higher pressure, cutting out the regulating 
cells as they become charged; the other is to connect the 
cells to the charging bars, and to connect a less number of 
cells to the supply bars. In this case the charging current is 
greater in the end cells than in the remainder of the battery; 
in either case it is quite impossible to properly charge the 
regulating cells, and it is nearly always found that these, 
excepting possibly the last two or three, which are rarely 
used, depreciate at a far greater rate than the other cells in 
the battery. 

After trying the regulating cell system, I decided to 
eliminate entirely this source of trouble and expense, and 
the arrangement I have used for the past two years is to 
regulate entirely by means of a variable-pressure booster, so 
designed that by varying the field strength the pressure can 
be varied from zero to a maximum in either direction. The 
booster has a double-wound armature working in one field, 
each half of the battery is connected in series with one of 
the armature windings, and the field is varied by a 30-point 
rheostat and a reversing switch interlocked therewith in 
such a way as to vary the volts given by each armature 
from zero to fifty, each step of the resistance serving to 
effect a variation of rather less than two volts. The booster 
is fitted with carbon brushes worked at very low current 
density, and no trouble is experienced when the current 15 
large and the field strength small. The battery supplies a 
three-wire system, the middle point of the battery being 
connected to the neutral bus bar; a very good type of 
balancer ts also used, so that the out-of-balance current 
dealt with by the battery is small. One half of the battery 
may be charged by disconnecting the other half entirely 
from the bus bars, and charging through the balancer. 

The arrangement of electrical connections is shown 
diagrammatically in Fig. т. The switch gear required to 
connect or disconnect the booster and the battery is 
exceedingly simple, and of course the whole of the neces- 
sary regulating is done by varying the amount and direction 
of the boost as desired. 

The battery is always connected to the bus bars, and 
one of the most convenient purposes it serves is to act by 
means of the booster as the controller of the station pressure, 
which is regulated solely by the switch handle, which regu- 
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it to bars at a higher pressure, cutting out the regulating 
cells as they become charged; the other is to connect the 
cells to the charging bars, and to connect a less number of 
cells to the supply bars. In this case the charging current is 
greater in the end cells than in the remainder of the battery; 
in either case it is quite impossible to properly charge the 
regulating cells, and it is nearly always found that these, 
excepting possibly the last two or three, which are rarely 
used, depreciate at a far greater rate than the other cells in 
the battery. 

After trying the regulating cell system, I decided to 
eliminate entirely this source of trouble and expense, and 
the arrangement І have used for the past two years is to 
regulate entirely by means of a variable-pressure booster, so 
designed that by varying the field strength the pressure can 
be varied from zero to a maximum in either direction. The 
booster has a double-wound armature working in one held, 
each half of the battery is connected in series with one of 
the armature windings, and the field is varied by a 30-point 
rheostat and a reversing switch interlocked therewith in 
such a way as to vary the volts given by each armature 
from zero to fifty, each step of the resistance serving to 
effect a variation of rather less than two volts. Тһе booster 
is fitted with carbon brushes worked at very low current 
density, and no trouble is experienced when the current 1s 
large and the field strength small. Тһе battery supplies а 
three-wire system, the middle point of the battery being 
connected to the neutral bus bar; a very good type of 
balancer is also used, so that the out-of-balance current 
dealt with by the battery is small. One half of the battery 
may be charged by disconnecting the other half entirely 
from the bus bars, and charging through the balancer. 

The arrangement of electrical connections is shown 
diagrammatically in Fig. т. The switch gear required to 
connect or disconnect the booster and the battery 15 
exceedingly simple, and of course the whole of the neces- 
sary regulating is done by varying the amount and direction 
of the boost as desired. 

The battery is always connected to the bus bars, and 
one of the most convenient purposes it serves is to act by 
means of the booster as the controller of the station pressure, 
which is regulated solely by the switch handle, which regu- 
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lates the strength of the booster field, and hence varies the 
amount of boost. 

The arrangement here described was the first one 1 
designed. It has proved an immense improvement on the 
regulating cell system, but has the objection that a sudden 
variation in the load causes a variation in the pressure. И 
is very desirable to make the regulation of the station as 
automatic as possible, provided that no very delicate gear 1s 
used, and the automatic booster to be shortly described 
would certainly be an improvement on the one above men- 
tioned. I am at present arranging to use an automatic 
booster in connection with a three-wire lighting battery. 
The arrangement of the switch gear shown on Fig. 1 is not 
the best. | am now arranging to use an interlocked gear 
designed to prevent all possibility of accident by a careless 
operator. 

The method of operation 15 as follows :— 

Should the pressure rise by reason of a diminishing load, 
the boost is varied so as to cause the battery to discharge 
less, or to charge more. Should the pressure fall, the 
booster is regulated so as to work in the opposite sense. If 
the speed of the generators is arranged for full load at the 
correct pressure, by regulating the station pressure by the 
booster and battery, the generators will always, in an almost 
automatic way, be kept at full load, provided always that 
the battery is of proper capacity. | 

The battery, of course, also serves as a store of energy, 
which is used to drive the entire load when it is so small as 
not to be sufficient for a single generator. "There are, there- 
fore, three purposes which the battery serves to fill. 


I. It serves, with suitable means of regulation, as a 
controller of the station pressure. 

2. It serves as a store, so that the running generators 
may be always fully loaded, and also it may carry 
the peak of the load, and so serve to improve the 
load on the steam-raising plant. 

3. It serves as a store of energy which may be drawn 
on at times when the load is within its capacity. 


In stations of small size up to, say, 1,000 kw., the battery 
15 of immense use іп steadying the pressure, especially when 
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a few rather large motors are connected to the mains ; in 
large stations where units of large size are used, this is not 
a matter of so much importance. 

The battery is also a great source of security in the case 
of partial short circuits on the mains ; it will easily burn out 
a fault, which might damage the gencrators, and with very 
little fall in the pressure. I have had experience of several 
cases where the battery has burnt a bad main’s fault clear, 
the first news of such an accident coming from the outside 
gang. 

To fully fulhl the above purposes, it is necessary to 
properly proportion the battery to the work which it has 
to do in relation to the work done directly by the running 
plant, and it is necessary to take into account the capital 
cost of batteries in order to decide to what extent it is 
advisable for financial reasons to instal them іп а central 
station. It is convenient to work out the cost of the battery 
per kilowatt of discharge at various rates. Fig. 2 gives the 
cost per kilowatt of storage batteries, including the booster 
and switch gear complete and ready for work, but excluding 
the cost of the battery house. The table applies to batteries 
for 480 to 500-volt circuits, consisting of 240 cells, which ts 
the best number to use for 460 to 480-volt lighting circuits 
when the booster method of control is adopted. Тһе gear 
is all designed to work at the one-hour rate—if designed for 
the three-hour rate a reduction of about то per cent. would 
be made. The cost of steam and electrical plant—excluding 
buildings—may vary from £25 to £50 per kilowatt capacity. 
Taking £35 as the usual figure for small stations, it will be 
seen from the curves (Fig. 2) that at about a three-hour rate 
of discharge the battery costs per kilowatt of possible output 
the same amount as the running plant, and as the size of the 
battery increases the cost per kilowatt somewhat decreases. 
At a one-hour rate of discharge the cost of the battery is less 
than the cost of plant of a similar output. The “peak” of 
a lighting station does not usually last for more than two or 
three hours in a town where late-closing shops make up 
a large proportion of the load. The proportion of the 
maximum load constituting the peak varies from one- 
quarter to one-sixth, that is to say, if the peak is defined 
as an amount of load constituting one-fourth to one-sixth of 
the maximum load, this peak does not remain оп Юг 
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more than three hours, it is usually less. If the battery 
is to take the whole of the peak it must, therefore, be 
designed to have a capacity, reckoned at the rate of dis- 
charge which will run it down in three hours, of at least 
one-fourth to one-sixth of the maximum load on the station. 
In a new station of moderate size the battery might be made 
to bear a larger proportion to the plant installed than this, 
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Fic. 2.—Cost of Batteries with Reversible Booster and Switchgear crected 
complete. 


The batteries consist of 240 to 250 cells, and the capacity is taken as 30 per 
cent. less than the full rated capacity when the battery is new, so that at the 
end of a period, depending on the work and treatment of the battery, the 
actual capacity will be up to its rated value. 


as large batteries and their controlling gear are somewhat 
less costly than small ones, and are also less trouble, owing 
to the fact that they are usually more solidly constructed. 

A battery of sufficient size to carry the peak for three 
hours will be able to serve the three purposes set forth 
above in a very complete way, and the loss of energy in 
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the battery will generally be amply compensated for by the 
increased economy due to working the engines at full load 
and to the improvement of the steam-raising plant load 
factor. The load factor of the steam-raising plant is usually 
very poor, the fuel wasted in raising steam апа keeping hot 
long ranges of pipes constitutes a considerable portion of 
the fuel usefully consumed. It seems impossible to lay down 
general rules as to the working of boilers in electric works ; 
the only thing to be said, a fact readily conceded, is that the 
greater the regularity of working of the steam-raising and 
distributing plant the greater will be the economy. Іп 
works of 1,000 kw. capacity or less it will be generally most 
economical to drive the load from midnight to 6 a.m. from 
the battery—in summer time the load may be often carried 
in this way for a longer period—and a battery designed to 
carry the peak for three hours will generally be suthcient 
to do this. The boiler fires would be banked during these 
hours, and one shift of men saved. 

In larger stations, however, the coal thus used would be 
nearly as much as if an engine were running all night, and 
probably in stations above 1,000 kw., and certainly in stations 
above 2,000 kw., it would be more economical to drive the 
load from the running plant, charging the battery ю keep 
the engine at full load. Then on the load rising in the 
morning the battery would be discharged until the demand 
increased sufficiently to load up a second engine, again 
charging the battery. 

Small stations supplying residential towns must be con- 
sidered on a somewhat different basis from large stations 
supplying manufacturing towns in respect of the use of 
batteries as of other matters. In a small station the battery 
can supply economically a far greater proportion of the 
yearly output than in a large station. 

In stations of less capacity than 500 kw. the usual 
practice has been to put down at least two sizes of engines ; 
it might be better practice to put down two or three engines 
of equal size and a battery of sufficient capacity to give the 
output of one engine for three hours. It is not difficult to 
predict the extent of the load in residential towns of small 
size, and if it be assumed that in, say, five years time, 
800 kw. will be required, a station laid down with two 
roo-kw. generators, and a battery capable of giving about 
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тоо kw. for three hours, will make a far more economical 
station than one in which one or two smaller units are put 
down to start with. As the load on such a station increased, 
engines of similar size to those first installed should be put 
down, the plant being thus maintained of uniform pattern. 

In stations of larger size a greater number of units would 
be installed, and in order to load up the running engines to 
their full capacity it would usually be necessary to instal a 
battery equal in capacity to the output of one engine for 
three hours, so that in general the ratio of the battery 
capacity to the total capacity of the plant will be less in 
large stations than small ones in inverse proportion to the 
number of units. 

In determining the best size of battery for an existing 
station, the engineer might consider into what number of 
units he would divide the plant if he could design and erect 
an entirely new station. Most engineers in such a case 
would probably decide to make all the units of similar 
capacity ; the battery should then be of such size as to take 
the whole output of one unit for a period of three hours, or 
alternatively two units, of say one-half of the capacity of the 
standard unit, might be installed, and a battery equal in 
capacity to one of these units. The nature of the all-night 
load must be considered in this connection, however, and 
the size of the smallest unit and of the battery should largely 
be determined by the amount of the load from midnight to 
6 a.m. 

In the case of a station with a large street-lighting load 
it is not difficult to ensure that the engines are always nearly 
fully loaded, but even in such a case a large battery will also 
enable the steam-raising plant to be worked in a more uniform 
way, a matter as important for economy as the uniform 
working of the engines. 

To consider a special case, a plant of 1,000 kw. will, 
with a load having a factor of то per cent., turn out per 
annum 870,000 units. If by the use of a battery giving 
250 kw. for three hours, which, as before explained, 1s in 
most cases capable of dealing with the peak, running 
plant of 750 kw. capacity could do the work, and turn out 
the same number of units, the plant load factor would be 
raised from то per cent. to 13°4 per cent., an increase which 
would certainly result in greater economy in working ; but 
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such a battery would be in nearly every case capable of 
carrying the whole of the load from midnight to 6 a.m. 
The plant could then be shut down during these hours and 
one shift of men saved, the running hours being lessened to 
this extent, the plant load factor would be raised from 10 
рег cent., where no battery was used, to 17:8 per cent. In 
most towns also this battery would, in summer time, serve 
to carry the load during a part of the day, and the plant 
load factor would be thereby still further increased. The 
above factor applies to the whole plant over the whole 
year, but since the plant would be divided into, say, four 
units of 250 kw. each (one unit being spare) the plant 
actually working could be kept always fully loaded if the 
battery were charged and discharged in a proper manner 
to attain that end. 

The question of the relation between cost of working 
and load factor will be further considered in referring to 
combined stations, but reference may here be made to the 
fact that a lighting station deals with a load which varies 
through a wide range during every day, but it varies in 
an easily predetermined manner. With properly-propor- 
tioned, subdivided plant it is easy to ensure that the running 
engines always work at or near their full load ; the average 
load on the plant considered as a whole, however, simply 
depends on the outside load, as will, to a great extent, the 
load on the boilers. In a lighting station, therefore, the 
battery should be designed to equalise as much as possible 
the boiler working. А battery sufficiently large to obviate 
raising steam, even in a single boiler which might not be 
required for more than an hour, will enable a considerable 
saving to be made in fuel. 

The efficiency of battery working is a most important 
factor, since every unit supplied from the battery costs more 
than the units supplied direct by an amount depending on 
the efficiency. I have results obtained from a battery о! 
240 cells capable of giving тоо kw. for three hours. Тһе 
units were metered through a watt-hour meter, which 
recorded charge and discharge separately, and which was 
checked by the switchboard ammeters and voltmeters from 
time to time, and was found to be sensibly correct. "The 
units of charge from July 1st to December 31st were 62,560, 
and of discharge, 46,390 for the same period, corresponding 
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such a battery would be in nearly every case capable of 
carrying the whole of the load from midnight to 6 a.m. 
The plant could then be shut down during these hours and 
one shift of men saved, the running hours being lessened to 
this extent, the plant load factor would be raised from 1o 
рег cent., where no battery was used, to 17:8 per cent. Іп 
most towns also this battery would, in summer time, serve 
to carry the load during a part of the day, and the plant 
load factor would be thereby still further increased. The 
above factor applies to the whole plant over the whole 
year, but since the plant would be divided into, say, four 
units of 250 kw. each (one unit being spare) the plant 
actually working could be kept always fully loaded if the 
battery were charged and discharged in a proper manner 
to attain that end. 

The question of the relation between cost of working 
and load factor will be further considered in referring to 
combined stations, but reference may here be made to the 
fact that a lighting station deals with a load which varies 
through a wide range during every day, but it varies in 
an easily predetermined manner. With properly-propor- 
tioned, subdivided plant it 1$ easy to ensure that the running 
engines always work at or near their full load ; the average 
load on the plant considered as a whole, however, simply 
depends on the outside load, as will, to a great extent, the 
load on the boilers. In a lighting station, therefore, the 
battery should be designed to equalise as much as possible 
the boiler working. А battery sufficiently large to obviate 
raising steam, even in a single boiler which might not be 
required for more than an hour, will enable a considerable 
saving to be made in fuel. 

The efficiency of battery working is a most important 
factor, since every unit supplied from the battery costs more 
than the units supplied direct by an amount depending on 
the efficiency. I have results obtained from a battery ot 
240 cells capable of giving 100 kw. for three hours, Тһе 
units were metered through a watt-hour meter, which 
recorded charge and discharge separately, and which was 
checked by the switchboard ammeters and voltmeters from 
time to time, and was found to be sensibly correct. The 
units of charge from July rst to December 31st were 62,560, 
and of discharge, 46,390 for the same period, corresponding 
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to an energy efficiency of 74 per cent. Тһе battery 15 
charged at varying rates to suit the load on the engines. . 
The charging current starts at 170 to 200 amperes, and 
varies from time to time as the outside load varies, but it 
never exceeds 70 amperes when the cells are full. The 
maximum charging pressure per cell is 2.41 volts, the 
minimum discharging pressure 1.9 volts; the average 
charge per 24 hours is 341 units, the average discharge 
253 units ; the maximum discharging current is 200 amperes. 
Additional figures are given in the Appendix. The battery 
has cost for repairs a small amount, consisting of labour 
in filling up the cells with water and in cleaning. Two 
faulty positive sections were replaced by the makers, other- 
wise no work has been done in keeping the battery in order. 

The usual directions of the makers are impossible to 
carry out in practice, and I find the most convenient method 
of keeping note of the condition of the cells is to make a 
weekly test all round of the specific gravity of the elec- 
trolyte, being careful to take the readings only when the 
cells are fully charged by the switchboard voltmeter. By 
comparing the results with those last taken, it is easy to see 
if the proper amount of charge has been given during the 
week ; if the specific gravity has fallen, rather more charge 
is given to bring it right up again. From theresults obtained 
of battery working at various times, І am of opinion that 
charging with a constant current at the battery maker's usual 
figure is not so conducive to efficient working and to the 
long life of the cells as finishing up the charge at quite a 
small current. On the other hand, the charging current at 
the commencement, when the cells are empty, may safely 
be much greater than the maker's figure. It would be most 
interesting to have accurate figures over a great number 
of charges and discharges, giving the efficiencies of various 
methods of working and at various rates of charge and 
discharge. The curves in Figs. 3 and 4 show the ordinary 
work done by the battery on the lighting load in the station 
of which I have charge. 

There is one point to which I have not alluded, and that 
is, the immense convenience that a battery is when repairs 
have to be done to steam pipes or valves. The advantage 
of being able to shut down entirely and still keep the mains 
alive is so great that for this reason alone a battery in a 
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to an energy efficiency of 74 per cent. The battery S 
charged at varying rates to suit the load on the engines. 
The charging current starts at 170 to 200 amperes, and 
varies from time to time as the outside load varies, but ЇЇ 
never exceeds 70 amperes when the cells are full. The 
maximum charging pressure per cell is 2.41 volts, the 
minimum discharging pressure 1.9 volts; the average 
charge per 24 hours is 341 units, the average discharge 
253 units ; the maximum discharging current is 200 amperes. 
Additional figures are given in the Appendix. The battery 
has cost for repairs a small amount, consisting of labour 
in filling up the cells with water and in cleaning. Two 
faulty positive sections were replaced by the makers, other- 
wise no work has been done in keeping the battery in order. 
The usual directions of the makers are impossible to 
carry out in practice, and I find the most convenient method 
of keeping note of the condition of the cells is to make 2 
weekly test all round of the specific gravity of the elec 
trolyte, being careful to take the readings only when the 
cells are fully charged by the switchboard voltmeter. By 
comparing the results with those last taken, it is easy to set 
if the proper amount of charge has been given during the 
week ; if the specific gravity has fallen, rather more charge 
is given to bring it right up again. From the results obtained 
of battery working at various times, I am of opinion that 
charging with a constant current at the battery maker's usual 
figure is not so conducive to efficient working and to the 
long life of the cells as finishing up the charge at quite a 
small current. On the other hand, the charging current at 
the commencement, when the cells are empty, may safely 
be much greater than the maker's figure. It would be mos 
interesting to have accurate figures over a great number 
of charges and discharges, giving the efficiencies of various 
methods of working and at various rates of charge and 
discharge. The curves in Figs. 3 and 4 show the ordinary 
work done by the battery on the lighting load in the station 
of which I have charge. À 
There is one point to which I have not alluded, and that 
is, the immense convenience that a battery is when repairs 
have to be done to steam pipes or valves. The advantage 
of being able to shut down entirely and still keep the mains 
alive is so great that for this reason alone a battery in 4 
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central station is almost a necessity, at any rate, where 
a motor load exists. In such a case a shut down even for 
a few hours on Sunday is almost impossible, and on a week- 
day cannot be tolerated. 

Apart from this use of batteries in the power station, 
there may arise occasions when the battery may be used 
in a substation at one or more important feeding points. 
About 15 per cent. of the copper put down in feeders is 
only required for a few hours each day for perhaps one 
month in the year, from the middle of December to the 
middle of January. This copper can be saved by using 
a battery in a substation, provided of course that a site can 
be found at not too great a cost. Іп addition to the saving 
in feeders, the economical area of distribution can be 
extended, and the pressure can be maintained more nearly 
constant. It is not possible to lay down general rules for 
the use of batteries in this way, but I now have a case 
where it is necessary to give supply at a point about three 
miles from the station. The extent of the supply will be 
about 100 kw. There is an excellent site for a substation 
about two and a half miles from the station, and a battery at 
this point works out at a less first cost than a boosted direct 
feeder, or a high-tension transmission scheme. 


BATTERIES IN TRACTION STATIONS. 


In power stations supplying energy to work tramways 
and railways, the character of the load is entirely different 
from that of a lighting load. The output varies but little 
according to the time of the year, or from day to day. 
There are peaks during which the output and the maximum 
load are greater than at other times, but not nearly to so 
great an extent as in lighting work. Тһе load, however, 
varies very rapidly and through very wide limits, the 
variations becoming less as the number of cars or trains 
increases. Іп the case of a road operating 50 to 100 cars, 
the maximum loads are usually about three times the mean 
load. With roo to 200 cars, the maximum loads are usually 
less than twice the mean load. Fig. 5 shows the load 
variations for a road operating 25 to 30 cars; Fig. 6 
shows the variations of the mean load at any time during 
the day, this curve being plotted by taking the output 
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in units every half-hour, and from the readings working out 
the load. In each figure the horizontal line shows the 
average load, during the hours of running the plant 
necessary to turn out the metered units. It is evident from 
the curves that a generator of 200 kw. can easily give the 
output if a battery be used to discharge on the peaks. For 
such a load the battery may be used at the one-hour rate of 
discharge normally, and on occasions at even a greater rate. 
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Fic. 7.—Curves showing Rise of Voltage on Charge, and Fall of Voltage on 
Discharge at Different Rates. 


Such occasions might be when the road is very heavy 
through a snowfall or like reason, or when cars get bunched 
during holiday traffic. In the case of a traction load, there- 
fore, the capital cost of the battery may be taken at the 
one-hour rate, that is, about £15 to £18 per kw. This is 
considerably less than the cost of the running plant. 

For the load shown in Fig. 5 over 24 hours, the load- 
factor is 23 per cent. Such a load cannot be very 
economical, since the steam plant would be, on the average, 
very lightly loaded. 

The plant load-factors for a lighting station anda traction 
station differ in one respect—in a lighting station, by using 

VOL. XXX. 69 
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units of several sizes, the engines may be run nearly at 
their full load always, but the load on the boiler plant will 
vary considerably ; in a traction station, on the other hand, 
the boilers will supply, during about 16 hours, about the 
same amount of steam per hour. The engines must, how- 
ever, be large enough to take the maximum load, and there- 
fore work at only a small part of their full capacity. 

If a battery be used in parallel with the steam plant on 


Fic. 8.—Variation in Volts of One Cell with Sudden Variation in the Load. 


the load shown in Fig. 5, it will take up some portion of the 
peaks; but the conditions of battery discharge and charge 
must be such that the variations in the battery pressure 
must.be small, which would necessitate working the battery 
at a much slower rate than the one-hour rate allowed for 
above. The ideal arrangement would be to run the gene- 
rator at constant load—making the constant load as nearly 
the full load of the generator as possible, to work the 
necessary number of hours, say, 16 daily, to turn out the 
required number of units—and to allow the battery to take 
charge of all peaks, and to charge when the load is small, 
and to work the entire service for the remainder of the day. 
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It is here necessary to consider the nature of the battery 
as a reservoir of energy. Fig. 7 shows the well-known rise 
of voltage on charge and fall of voltage on discharge at 
various rates. Fig. 8 shows the fall in voltage due to 
throwing on the load in sudden steps, the fall in the latter 
case being due to the ohmic resistance of the cell, and 
possibly, to a less extent, to polarisation. 

In a battery working in parallel with a shunt-wound 
generator at such a speed as to give about the mean output, 
so that the battery neither gained nor lost very much, the 
number of cells should be determined by the formula, 
No. of cells — еле I have found that, when in the 
best condition for working in this way, a battery capable of 
giving 450 amperes for one hour, will discharge 200 amperes 
with a fall of pressure of 25 volts, and will charge 200 
amperes with a rise of pressure of 25 volts, these limits 
being the greatest permissible on a 500-volt circuit. 

With compound-wound generators the pressure rises 
with the load, so that the battery working in parallel with 
the generator will do very little work. 

In working a battery in simple parallel with shunt-wound 
generators, it is impossible to charge the battery during 
working hours, and at the same time have it available to 
discharge on any peaks; this is a great drawback, and 
necessitates running longer hours to complete the charge. 

The only way to work a battery on a tramway or other 
variable load to keep the generator output constant, to fully 
charge during working hours, and to discharge up to its 
momentary rate, is to use some device to compensate for 
the variation of the battery pressure. For this purpose I 
have used a booster of somewhat special design, the booster 
armature being always in series with the battery. This 
machine is run throughout the time the generators are 
working, and sometimes when the battery alone is working 
theline. The essential connections are shown diagrammati- 
cally in Fig. 9, and the machine itself in Fig. то, this shows 
the booster driven by a motor, it might, however, be driven 
from the main engine. Тһе booster B (Figs. 9 and то) has 
laminated field magnets, excited by a fine wire coil C (the 
exciter coil), consisting of such a number of turns of such 
resistance that the pressure given by thearmature when run 
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FIG. 9.—Arrangement of Reversible Booster operating Traction Load. 
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at constant speed is the same as the pressure across the ends 
of the exciter coil. The exciter E is a small generator giving 
500 volts, and the necessary exciting current. This generator 
has a very small drop from no load to full load, which drop 
is corrected for by a series winding, its armature leads are 
coupled, one to the battery negative terminal, the other (the 
positive) to the positive battery terminal, by way of the 
exciter coil С. So long as the exciter and battery pressures 
are equal, no current will flow in the exciter coil, and hence 
the booster will give no pressure, but should the battery 
volts rise a current will move in C proportional to the 
difference of the pressures of the battery and of the exciter 
(which will be motored). The booster armature will then give 
a pressure equal to the rise of the battery pressure. Similarly, 
should the battery pressure fall, the booster will give a 
pressure equal to the fall, but will have its poles reversed, 
the exciter running as a generator and giving current to the 
battery. Тһе booster therefore follows the variations of the 
battery pressure from the line pressure, and corrects for the 
variations, so as to maintain the line pressure constant 
whether the battery be charging or discharging. Generally, 
as will be readily seen, the exciter runs as a motor when 
charging, and as a generator when discharging, but since 
only 240 cells are used, occasionally, when the cells are low, 
charge begins at a less pressure than the 520 volts on the 
line, the booster then runs as a motor, and the motor as a 
generator, returning energy to the line; also when the 
battery is fully charged, the pressure is generally greater than 
the line pressure. Should the battery in this condition be 
called on to discharge, the booster opposes the discharge, 
and is motored; the motor then runs аз a generator, and 
again returns energy to the line. The current variations in 
the motor amount to about 7 per cent of the maximum line 
variation. Тһе booster fields being laminated, and being 
designed to work at a low induction so that the field strength 
IS as nearly as possible proportional to the magnetising 
force the change of polarity is rapidly made, and the booster 
pressure varies very closely as the difference between the 
battery and exciter pressures. Such a booster connected in 
series with the battery will serve to maintain nearly constant 
the load on the generator, as it will nearly correct for all 
changes in the battery pressure. There will be times, 
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however, when the current through the booster armature is 
large, and the field very small; the armature reaction will 
then be an important factor in the working of such a machine. 
To overcome this, a coil connected in series with the arma- 
ture is used, so that it opposes the reaction of the armature 
in whichever direction the current flows : this coil consists 
of a few turns only. In order to increase the pressure as 
the load on the line increases, a part of the feeder current is 
shunted round a coil on the booster fields in such a direction 
as to help the discharge or to oppose the charge, or a part 
of the feeder current may be taken round the exciter fields 
so аз to raise the exciter pressure, or a part of the feeder 
may be taken round the motor fields, so that the greater the 
load becomes the greater is the motor speed, and hence also 
the exciter and booster pressure in the discharging direction. 
In working with shunt-wound generators there is a tendency 
for the motor to hunt, so that as the line load increases the 
battery does more than its share, the pressure therefore rises, 
and the motor runs faster ; the booster pressure increases 
and the exciter pressure, and hence the tendency is to take 
still more load ; a similar action occurs as the line load falls 
off. I have overcome this trouble by designing the motor 
so that an increase in pressure at its terminals strengthens 
the field in a greater proportion than usual, by designing the 
motor field on the same lines as the booster field, the result 
is entirely to check the hunting. The switch gear used with 
the booster is shown in Fig. 9. The switch S connects as 
shown on the diagram : in its upper position the battery 
is directly on the line, in the lower position the battery is 
connected through the booster armature; F is a shunt- 
breaking switch and fuse in the exciter circuit. 

This booster is used in series with the battery at all times 
when the plant is running, or when regulation is necessary 
when the battery alone is driving the load. The curves, Figs. 
II, 12, 13, show the results obtained. The curves shown are 
for a Friday and Saturday load, and hence indicate the 
working when the variations of the load are most violent. 
The curves have been plotted from readings taken on Elliott’s 
Weston instruments, one observer reading each instrument. 
After operating the line from r1 p.m. on Thursday night, 
the night load consisting of late cars up to 1 a.m., and 
about 50 h.p. of motors at a colliery, and the early cars 
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central station is almost a necessity, at any rate, where 
a motor load exists. Іп such a case a shut down even for 
a few hours on Sunday is almost impossible, and on a week- 
day cannot be tolerated. 

Apart from this use of batteries in the power station, 
there may arise occasions when the battery may be used 
in a substation at one or more important feeding points. 
About 15 per cent. of the copper put down in feeders is 
only required for a few hours each day for perhaps one 
month in the year, from the middle of December to the 
middle of January. This copper can be saved by using 
a battery in a substation, provided of course that a site can 
be found at not too great a cost. In addition to the saving 
in feeders, the economical area of distribution can be 
extended, and the pressure сап be maintained more nearly 
constant. It is not possible to lay down general rules for 
the use of batteries in this way, but I now have a case 
where it is necessary to give supply at а point about three 
miles from the station. The extent of the supply will be 
about тоо kw. There is an excellent site for a substation 
about two and a half miles from the station, and a battery at 
this point works out at a less first cost than a boosted direct 
feeder, or a high-tension transmission scheme. 


BATTERIES IN TRACTION STATIONS. 


In power stations supplying energy to work tramways 
and railways, the character of the load is entirely different 
from that of a lighting load. The output varies but little 
according to the time of the year, or from day to day. 
There are peaks during which the output and the maximum 
load are greater than at other times, but not nearly to so 
great an extent as in lighting work. The load, however, 
varies very rapidly and through very wide limits, the 
variations becoming less as the number of cars or trains 
increases. Іп the case of a road operating 50 to 100 cars, 
the maximum loads are usually about three times the mean 
load. With тоо to 200 cars, the maximum loads are usually 
less than twice the mean load. Fig. 5 shows the load 
variations for a road operating 25 to зо cars; Fig. 6 
shows the variations of the mean load at any time during 
the day, this curve being plotted by taking the output 
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in units every half-hour, and from the readings working out 
the load. In each figure the horizontal line shows the 
average load, during the hours of running the plant 
necessary to turn out the metered units. It is evident from 
the curves that a generator of 200 kw. can easily give the 
output if a battery be used to discharge on the peaks. For 
such a load the battery may be used at the one-hour rate of 
discharge normally, and on occasions at even a greater rate. 


Fic. 7.—Curves showing Rise of Voltage on Charge, and Fall of Voltage on 
Discharge at Different Rates. 


Such occasions might be when the road is very heavy 
through a snowfall or like reason, or when cars get bunched 
during holiday traffic. Іп the case of a traction load, there- 
fore, the capital cost of the battery may be taken at the 
one-hour rate, that is, about £15 to £18 per kw. This is 
considerably less than the cost of the running plant. 

For the load shown in Fig. 5 over 24 hours, the load- 
factor is 23 per cent. Such a load cannot be very 
economical, since the steam plant would be, on the average, 
very lightly loaded. 

The plant load-factors for a lighting station and a traction 
station differ in one respect—in a lighting station, by using 

VOL. XXX. 69 


1056 HIGHFIELD: STORAGE BATTERIES [May 9th, 


units of several sizes, the engines may be run nearly at 
their full load always, but the load on the boiler plant will 
vary considerably ; in a traction station, on the other hand, 
the boilers will supply, during about 16 hours, about the 
same amount of steam per hour. The engines must, how- 
ever, be large enough to take the maximum load, and there- 
fore work at only a small part of their full capacity. 

If a battery be used in parallel with the steam plant on 


$ . 
Minutes. 
Fic. 8.— Variation in Volts of One Cell with Sudden Variation in the Load. 


the load shown in Fig. 5, it will take up some portion of the 
peaks; but the conditions of battery discharge and charge 
must be such that the variations in the battery pressure 
must.be small, which would necessitate working the battery 
at a much slower rate than the one-hour rate allowed for 
above. The ideal arrangement would be to run the gene- 
rator at constant load—making the constant load as nearly 
the full load of the generator as possible, to work the 
necessary number of hours, say, 16 daily, to turn out the 
required number of units—and to allow the battery to take 
charge of all peaks, and to charge when the load is small, 
and to work the entire service for the remainder of the day. 
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It is here necessary to consider the nature of the battery 
as a reservoir of епегру. Fig. 7 shows the well-known rise 
of voltage on charge and fall of voltage on discharge at 
various rates. Fig. 8 shows the fall in voltage due to 
throwing on the load in sudden steps, the fall in the latter 
case being due to the ohmic resistance of the cell, and 
possibly, to a less extent, to polarisation. 

In a battery working in parallel with a shunt-wound 

generator at such a speed as to give about the mean output, 
so that the battery neither gained nor lost very much, the 
number of cells should be determined by the formula, 
line volts 
77208 C 
best condition for working in this way, a battery capable of 
giving 450 amperes for one hour, will discharge 200 amperes 
with a fall of pressure of 25 volts, and will charge 200 
amperes with a rise of pressure of 25 volts, these limits 
being the greatest permissible on a soo-volt circuit. 

With compound-wound generators the pressure rises 
with the load, so that the battery working in parallel with 
the generator will do very little work. 

In working a battery in simple parallel with shunt-wound 
generators, it is impossible to charge the battery during 
working hours, and at the same time have it available to 
discharge on any peaks; this is a great drawback, and 
necessitates running longer hours to complete the charge. 

The only way to work a battery on a tramway or other 
variable load to keep the generator output constant, to fully 
charge during working hours, and to discharge up to its 
momentary rate, is to use some device to compensate for 
the variation of the battery pressure. For this purpose I 
have used a booster of somewhat special design, the booster 
armature being always in series with the battery. This 
machine is run throughout the time the generators are 
working, and sometimes when the battery alone is working 
the line. The essential connections are shown diagrammati- 
cally in Fig. 9, and the machine itself in Fig. 10, this shows 
the booster driven by a motor, it might, however, be driven 
from the main engine. The booster В (Figs. 9 and то) has 
laminated field magnets, excited by a fine wire coil C (the 
exciter coil), consisting of such a number of turns of such 

resistance that the pressure given by the armature when run 


No. of cells — І have found that, when in the 
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at constant speed is the same as the pressure across the ends 
of the exciter coil. The exciter E is a small generator giving 
500 volts, and the necessary exciting current. This generator 
145 а Very small drop from no load to full load, which drop 
5 Corrected for by a series winding, its armature leads аге 
coupled, one to the battery negative terminal, the other (the 
Positive) to the positive battery terminal, by way of the 
exciter coil С. So long as the exciter and battery pressures 
аге equal, no current will flow in the exciter coil, and hence 
the booster will give no pressure, but should the battery 
Volts rise a current will move in С proportional to the 
difference of the pressures of the battery and of the exciter 
(which will be motored). The booster armature will then give 
à pressure equal to the rise of the battery pressure. Similarly, 
should the battery pressure fall, the booster will give a 
Pressure equal to the fall, but will have its poles reversed, 
the exciter running as a generator and giving current to the 
battery, The booster therefore follows the variations of the 
battery pressure from the line pressure, and corrects for the 
Variations, so as to maintain the line pressure constant 
Whether the battery be charging or discharging. Generally, 
as will be readily seen, the exciter runs as a motor when 
charging, and as a generator when discharging, but since 
only 240 cells are used, occasionally, when the cells are low, 
charge begins at a less pressure than the 520 volts on the 
line, the booster then runs as a motor, and the motor as a 
scnerator, returning energy to the line; also when the 
battery is fully charged, the pressure is generally greater than 
the line pressure. Should the battery in this condition be 
called on to discharge, the booster opposes the discharge, 
and is motored ; the motor then runs as a generator, and 
again returns energy to the line. The current variations in 
the motor amount to about 7 per cent of the maximum line 
variation. The booster fields being laminated, and being 
designed to work at a low induction so that the field strength 
IS as nearly as possible proportional to the magnetising 
force the change of polarity is rapidly made, and the booster 
pressure varies very closely as the difference between the 
battery and exciter pressures. Such a booster connected in 
series with the battery will serve to maintain nearly constant 
the load on the generator, as it will nearly correct for all 
changes in the battery pressure. There will be times, 
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at constant speed is the same as the pressure across the ends 
of the exciter coil. The exciter E is a small generator giving 
500 volts, and the necessary exciting current. This generator 
has a very small drop from no load to full load, which drop 
15 corrected for by a series winding, its armature leads аге 
coupled, one to the battery negative terminal, the other (the 
positive) to the positive battery terminal, by way of the 
exciter coil C. So long as the exciter and battery pressures 
are equal, no current will flow in the exciter coil, and hence 
the booster will give no pressure, but should the battery 
volts rise a current will move in C proportional to the 
ЧШегепсе of the pressures of the battery and of the exciter 
(which will be motored). The booster armature will then give 
а pressure equal to the rise of the battery pressure. Similarly, 
should the battery pressure fall, the booster will give a 
pressure equal to the fall, but will have its poles reversed, 
the exciter running as a generator and giving current to the 
battery. Тһе booster therefore follows the variations of the 
battery pressure from the line pressure, and corrects for the 
variations, so as to maintain the line pressure constant 
whether the battery be charging or discharging. Generally, 
as will be readily seen, the exciter runs as a motor when 
charging, and as a generator when discharging, but since 
only 240 cells are used, occasionally, when the cells are low, 
charge begins at a less pressure than the 520 volts on the 
line, the booster then runs as a motor, and the motor as a 
generator, returning energy to the line; also when the 
battery is fully charged, the pressure is generally greater than 
the line pressure. Should the battery їп this condition be 
called on to discharge, the booster opposes the discharge, 
and is motored; the motor then runs as a generator, and 
again returns energy to the line. The current variations in 
the motor amount to about 7 per cent of the maximum line 
variation. The booster fields being laminated, апа being 
designed to work at a low induction so that the field strength 
is аз nearly as possible proportional to the magnetising 
force the change of polarity is rapidly made, and the booster 
pressure varies very closely as the difference between the 
battery and exciter pressures. Such a booster connected in 
series with the battery will serve to maintain nearly constant 
the load on the generator, as it will nearly correct for all 
changes in the battery pressure. There will be times, 
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however, when the current through the booster armature is 
large, and the field very small; the armature reaction will 
then be an important factor in the working of such a machine. 
To overcome this, a coil connected in series with the arma- 
ture is used, so that it opposes the reaction of the armature 
in whichever direction the current flows : this coil consists 
of a few turns only. In order to increase the pressure as 
the load on the line increases, a part of the feeder current 15 
shunted round a coil on the booster fields in such a direction 
as to help the discharge or to oppose the charge, or a part 
of the feeder current may be taken round the exciter fields 
so as to raise the exciter pressure, or a part of the feeder 
may be taken round the motor fields, so that the greater the 
load becomes the greater is the motor speed, and hence also 
the exciter and booster pressure in the discharging direction. 
In working with shunt-wound generators there is a tendency 
for the motor to hunt, so that as the line load increases the 
battery does more than its share, the pressure therefore rises, 
and the motor runs faster ; the booster pressure increases 
and the exciter pressure, and hence the tendency is to take 
still moreload ; a similar action occurs as the line load falls 
off. I have overcome this trouble by designing the motor 
so that an increase in pressure at its terminals strengthens 
the field in a greater proportion than usual, by designing the 
motor field on the same lines as the booster field, the result 
is entirely to check the hunting. The switch gear used with 
the booster is shown in Fig. 9. The switch S connects as 
shown on the diagram : in its upper position the battery 
is directly on the line, in the lower position the battery is 
connected through the booster armature; F is a shunt- 
breaking switch and fuse in the exciter circuit. 

This booster is used іп series with the battery at all times 
when the plant is running, or when regulation is necessary 
when the battery alone is driving the load. The curves, Figs. 
II, I2, 13, show the results obtained. The curves shownare 
for a Friday and Saturday load, and hence indicate the 
working when the variations of the load are most violent. 
The curves have been plotted from readings taken on Elliott's 
Weston instruments, one observer reading each instrument. 
After operating the line from тт p.m. on Thursday night, 
the night load consisting of late cars up to т алп, and 
about 50 h.p. of motors at a colliery, and the early cars 
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however, when the current through the booster armature is 
large, and the field very small; the armature reaction will 
then be an important factor in the working of such a machine. 
То overcome this, a coil connected in series with the arma- 
ture is used, so that it opposes the reaction of the armature 
in whichever direction the current flows : this coil consists 
of a few turns only. In order to increase the pressure as 
the load on the line increases, a part of the feeder current is 
shunted round a coil on the booster fields in such a direction 
as to help the discharge or to oppose the charge, or a part 
of the feeder current may be taken round the exciter fields 
50 as to raise the exciter pressure, or а part of the feeder 
may be taken round the motor fields, so that the greater the 
load becomes the greater is the motor speed, and hence also 
the exciter and booster pressure in the discharging direction. 
In working with shunt-wound generators there is a tendency 
for the motor to hunt, so that as the line load increases the 
battery does more than its share, the pressure therefore rises, 
and the motor runs faster ; the booster pressure increases 
and the exciter pressure, and hence the tendency is to take 
still more load ; a similar action occurs as the line load falls 
off. I have overcome this trouble by designing the motor 
so that an increase in pressure at its terminals strengthens 
the field in a greater proportion than usual, by designing the 
motor field on the same lines as the booster field, the result 
is entirely to check the hunting. Тһе switch gear used with 
the booster is shown in Fig. 9. The switch S connects as 
shown on the diagram : in its upper position the battery 
is directly on the line, in the lower position the battery is 
connected through the booster armature; F is a shunt- 
breaking switch and fuse in the exciter circuit. 

This booster is used inseries with the battery at all times 
when the plant is running, or when regulation is necessary 
when the battery alone is driving the load. The curves, Figs. 
ІІ, 12, 13, show the results obtained. The curves shown аге 
for а Friday and Saturday load, and hence indicate the 
working when the variations of the load are most violent. 
The curves have been plotted from readings taken on Elliott’s 
Weston instruments, one observer reading each instrument. 
After operating the line from 11 p.m. on Thursday night, 
the night load consisting of late cars up to т алт, and 
about 50 h.p. of motors at a colliery, and the early cars 
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from 4-30 a.m. to 6-30 a.m. on Friday morning, а 125 kw. 
shunt-wound unit was connected, and run at full load till 
2 p.m. the battery during the time from 6-30 to 8 a.m. 
gaining a certain amount of charge ; from 2 p.m. a 215 
kw. shunt-wound unit took the load running with from 
300 to 350 amperes, the battery gaining in charge till shut- 
ting down time at тг p.m., when it ended fully charged. 
The figures relating to the day's work are as follows :— 


Units generated amounted to 2,119 


» to line ” » 2,045 
Battery charge „272 
» discharge з „ 318 
Used by booster motor... 66 
Maximum load online .. 382 kw. 
Minimum „  , » .. 20 kw. 


There is some difficulty in accurately metering the battery 
units owing to the violent changes in the strength and 
direction of the current. The above figures were obtained 
from two Thomson-Houston watt-hour meters in series 
provided with pawls to admit of revolution in one direction 
only; the generator units were measured on an Aron meter, 
and the booster and line units on Hookham meters. 

From March 2nd to March 31st the figures obtained were 
as follows :— 

Units Generated ... 65,615 
sent to line ... 61,665 
used by booster 2,034 


9) 


з; Сһагде... ... 10,517 
» Discharge ... 8,560 
Giving the following percentages :— 
Units Sold. Booster. Charge. Disch. Disch. 
Generated. Generated. Generated. Sold. Charge. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
94 31 16 139 8г4 


The difference between units generated and units metered 
to line, is, of course, due to the units used by the booster 
motor and the units lost in the battery ; the figures it will be 
noted check one another very closely, the former figure is 
3,950 units and the latter 3,001 units. The slight discrepancy 
is accounted for bythe fact that the units metered to the line 
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are read on an ampere-hour meter, and an error in the line 
pressure would affect the figure; all the other readings are 
taken on watt-hour meters. The battery efficiency is really 
rather higher than 8r'4 per cent. At the beginning of the 
month the average specific gravity was 1205 when the cells 
were fully charged ; at the end of the month the specific 
gravity had risen to 1'210, showing that more charging was 
given than would have been necessary if sufficient charge 
had been given during the previous month. Тһе small per- 
centage of energy taken by the booster motor is confirmed 
over a long period as shown by the additional figures in the 
Appendix. The percentage of the whole number of units 
generated which passed through the battery is also rather 
surprising, considering that the battery takes more than one 
half of the maximum line load. Referring to the Appendix 
figures, I should say that the booster described in the paper 
was put to work in the middle of August. Before that time 
a small booster of the same type was used with a battery 
giving 100 amperes at the one-hour rate; this battery 
frequently gave discharges of 170 amperes. This was the 
first booster made of the type described, and was of an 
experimental nature. Unfortunately I had not arranged for 
the metering of all the units at that time, and therefore no 
figures relating to its operation are available. 

Figs. 14, 15, 16, 17 show curves photographieally repro- 
duced from charts taken from Elliott recording instruments. 
Fig. 14 shows the action of the battery without the reversible 
booster, the line pressure being kept by hand from 490 to 
550 volts ; without hand regulation the variation on a shunt- 
wound generator would be altogether too great if the battery 
were worked anywhere near the one-hour rate. Figs. 15, 16,17 
show the operation with the booster in the ordinary way of 
working. Unfortunately the instrument on the generator was 
not of the latest type fitted with a dash-pot, so that the quick 
changes which occur are somewhat magnified. Errors in 
the engine governor also account for some variations. 

I should here note that the ultimate object of the 
booster is to correct for the varying characteristic of the 
battery: when in a partly charged condition, the battery 
characteristic is a falling one, somewhat similar to the 
characteristic of a shunt-wound generator. The character- 
istic, however, varies according to the state of charge of the 
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battery. The reversible booster described serves to correct 
for the varying nature of the battery characteristic so as to 
make the characteristic of the battery and booster the same 
whatever the state of charge, and to make it either falling or 
flat, or rising over a wide range. By making the character- 
istic flat, the load on a shunt-wound generator working in 
parallel with the boosted battery will be nearly constant. 
By adjusting the booster so that the characteristic closely 
follows the characteristic of the generator, whether shunt or 
compound wound, the load will be shared by the battery as 
in the case of two generators in parallel. 

There is one other point I should here refer to, that is 
the nature of the fluctuations of the current taken by the 
motor driving the booster. Since the number of cells used 
is 240, the boost on the top charge amounts to 100 volts, 
that 15, the pressure is from боо to 620 volts оп the cells 
when they are fully charged. The least pressure to which the 
battery falls on the heaviest discharges is 440 volts, the boost 
on charge is therefore greater than on discharge, hence with 
the same current the motor takes more driving on charge 
than on discharge ; and therefore, with the steady load on 
the generator, the charging current is never as great as the 
discharging current, as will be seen from the curves. The 
greatest observed current taken by the motor is 70 amperes, 
but this is unusual, the normal maximum not exceeding 50, 
or about 7 per cent. of the maximum load. 

The battery used consists of 240 cells, giving 450 amperes 
at a one-hour rate of uischarge. Тһе booster is rated for 
200 amperes continuously, and will carry 450 amperes 
momentarily ; the brushes work without lead, and do not 
spark even when a current of 200 amperes is passing without 

any field. 
| In considering the use of batteries in connection with 
large plant operating roads with upwards of 400 cars, 
it is necessary to take into account the above-mentioned 
fact, that the load will be a fairly even one, and with 
properly designed engines very little improvement in 
economy can be attained by a further levelling of the load 
by a battery. There may be special cases, for instance, 
where a small all-night service is worked, or where a peak, 
due to extra cars, exists at stated hours, which a battery 
could carry, and so save the use of extra boilers or engines 
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FiG. r4.—Working without Booster. 


Fic. 15.—Working with Booster. 


Recorder Curves for Traction Load worked with Battery and Reversible Booster. 
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A 

for only one ог two hours. In general, however, Г am 
inclined to consider that the central station is not the correct 
place for 4 ba'.ery to be used with plant for this size of 
road. Consider the case where a system of town tramways, 
operating upwards of оо cars, is driven from a single station 
situated reasonably пе to the centre of the load, several of 
the routes running out some six or more miles in various 
directions from the centre. Each route should be fed by 
is own feeders to obviate any breakdown on one route 
affecting the remainder; each route might account for 
30 or 40 cars, the load on each set of feeders would be 
of the sume character as the load on a small system with 
aload-factor of not more than 25 per cent. There is no 
doubt, therefore, that given suitable sites, batteries in sub- 
stations worked as described above would serve to keep the 
load on the feeders constant, and since less than a third of 
the maximum current would be carried by the rails, the use 
of boosted rail-feeders would be obviated. 

The same arguments also apply to the case where the 
power-station is so far outside the area as to necessitate the 
use of converted high-tension currents : by using a suitable 
battery in the substations the load on the converters could 
be kept constant, the rotaries would then operate more per- 
fectly ; they need not Бе of such great capacity as without 
batteries, and the high-tension feeders could be designed to 
сату the mean current instead of the maximum. 

À power station supplying energy to a railway, as dis- 
tinguished from a tramway, will, in general, carry a load of 
the same character as that of a small tramway plant; but 
the fluctuations of the load will be of greater amount due 
to the greater energy taken in starting the heavier vehicles. 
At the same time, it is more easy to arrange the running 
schedule for a railway than for a street tramway, so that only 
a few cars or trains start or ascend heavy grades simul- 
taneously ; the stops generally are less frequent, and the 
road is flatter than that obtaining in the ordinary tramway. 
The distances run will probably, however, be greater, and 
therefore the right place for batteries on a railway system 
Will be in substations situated near the load centres. 
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^ 
for only one or two hours. In general, however, I am 


inclined to consider that the central station is not the correct 
place for 4 ba'.ery to be used with plant for this size of 
road. Consider the case where a system of town tramways, 
operating upwards of оо cars, is driven from a single station 
situated reasonably ne to the centre of the load, several of 
the routes running out some six or more miles in various 
directions from the centre. Each route should be fed by 
is own feeders to obviate any breakdown on one route 
affecting the remainder; each route might account for 
30 or 40 cars, the load on each set of feeders would be 
of the same character as the load on a small system with 
aload-factor of not more than 25 per cent. There is no 
doubt, therefore, that given suitable sites, batteries in sub- 
stations worked as described above would serve to keep the 
load on the feeders constant, and since less than a third of 
the maximum current would be carried by the rails, the use 
of boosted rail-feeders would be obviated. 

The same arguments also apply to the case where the 

power-station is so far outside the area as to necessitate the 
use of converted high-tension currents : by using a suitable 
battery in the substations the load on the converters could 
be kept constant, the rotaries would then operate more per- 
fectly; they need not be of such great capacity as without 
batteries, апа the high-tension feeders could be designed to 
carry the mean current instead of the maximum. 
_ A power station supplying energy to a railway, as dis- 
unguished from a tramway, will, in general, carry a load of 
the same character as that of a small tramway plant; but 
the fluctuations of the load will be of greater amount due 
to ће greater energy taken in starting the heavier vehicles. 
Àt the same time, it is more easy to arrange the running 
schedule for a railway than for a street tramway, so that only 
afew cars or trains start or ascend heavy grades simul- 
taneously ; the stops generally are less frequent, and the 
road is flatter than that obtaining in the ordinary tramway. 
The distances run will probably, however, be greater, and 
therefore the right place for batteries on a railway system 
Will be in substations situated near the load centres. 
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BATTERIES IN COMBINED STATIONS. 


In combined stations, supplying both to a three-wire 
460 to 50o-volt lighting network and to a 500-уой tramway 
system, the boosting system can be used in a convenient хау: 
240 cells are sufficient with the booster just described for a 
tramway circuit at soo to 550 volts, and are equally suitable 
for a 460-volt lighting system. Since no regulating con- 
nections are used two identical batteries may be installed, 
each working on to its own panel on the switchboard, the 
instruments consisting of a double-pole throw-over switch, a 
double-pole fuse, two voltmeters to show battery and line 
volts respectively, and an ammeter reading both sides of 
zero: leads should also go to the middle point on each 
battery, so that the middle point may be connected to the 
middle lighting bus bar when desired. Ву this arrangement 
either or both batteries may be used on the lighting or traction 
circuits, and one battery may be charged on either circuit and 
discharged on the other. In the event of no all-night cars 
being run, both batteries may be used to drive the lighting 
load. 

A very great advantage of working batteries as described 
on traction loads is that an ordinary shunt-wound generator 
driven by anengine without any great weight of flywheel may 
be used, thus enabling the generators to be worked without 
alteration on the lighting bus bars, and saving the cost and 
complication of equalising gear. 

It seems hardly necessary to point out how much easier 15 
‘the work put on the running plant, when batteries are used 
so as to give it a steady load, compared with driving the 
cars direct when all the fluctuations come on, and have to 
be dealt with by the engine. 


GENERAL CONSIDERATIONS. 


It is convenient to summarise the points referred to 
under the separate heads of :— 
I. Batteries in Lighting Stations. 
2. Batteries in Traction Stations. 
3. Batteries in Combined Stations. 


In the first case the battery should be used to serve as a 
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regulator for the pressure, to enable the individual units to 
be fully loaded without the use of several graded sizes, and 
to enable the number of units to be decreased ; that 15 to 
say, to enable a few units of greater and of uniform size 
to be adopted, instead of the many graded units usually 
installed, and to improve the plant load factor over the 
whole year, especially to enable the steam raising and dis- 
tributing plant to be more uniformly worked ; and, in 
special cases, to effect a saving in feeder copper, and to 
enable the area of supply to be economically extended. 

In the second case, although the engines may be working 
only at one-third to one-half of their load, the boilers 
during working hours are economically loaded, and a 
battery will effect a saving of fuel, from the boiler point 
of view, by serving to operate the all-night load, shortening 
the boiler working hours, and ensuring that, when the 
engines are running, the boilers are working at a good 
load. Тһе saving of one hour's steaming in the morning, 
and at night when only a few cars are out, will also effect 
a considerable saving in fuel. The battery, however, enables 
the engines to be run nearly at full load at all times, it 
thus makes the steam used per unit less, and also saves 
considerable wear and tear of plant; it enables, especially 
in small systems, a greater number of cars to be operated 
by a given plant, twenty light cars being easily worked by a 
I25 kw. unit. Used in substations, the battery should 
effect a large saving in copper, both for line and rail feeders, 
It should frequently enable negative boosters to be dis- 
pensed with, and it permits of the working of long routes 
with. direct supply at the standard pressure. 

In combined stations the use of a battery worked in 
conjunction with a reversible booster enables'all the plant 
to be of the same pattern, shunt-wound generators operating 
quite as well as compound ones. Тһе arrangement of two 
identical batteries enables an interchange of energy to be 
made between the traction and lighting units, a point of 
value especially in stations of small and moderate size. 


The special points to be considered in designing the 
battery, with a view to its economical use, are: (1) The 
capital cost as compared with that of plant. For a lighting 
station this should be worked out at not less than the three- 
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hour rate of discharge, and at this rate will be found not to 
differ much from that of plant of the same capacity. 

For power stations the capital cost may be worked out 
at the one-hour rate of discharge, and will be less than the 
cost of corresponding plant. 

The cost of battery depreciation is an exceedingly dith- 
cult figure to arrive at. I find that the cost of replating 
throughout for a battery in lead boxes, or in stout wood 
lead-lined boxes, amounts to about one-half the cost of 
the battery, when allowance is made for old material. 
Giving the plates a life of six years, this represents about 
7 per cent. per annum on the cost of the battery. Allowing 
for complete replating every six years, the repairs on a 
battery are a negligible amount, and the wages account 15 
also exceedingly small, {Не labour involved being for filling 
up the cells every week or fortnight, and for taking the 
specific gravities every week as before described. 

The chief considerations, therefore, are the saving in 
fuel due to working with a better load factor—especially 
working the steam-raising plant at a better load factor— 
the saving in wages through working the running plant a 
reduced number of hours ; and, finally, whether the saving 
effected through these causes makes up for the cost of the 
lost energy in the battery itself. 

From results obtained over a period of one year the 
efficiency of working under lighting conditions may be 
taken as 74 per cent, and, from the few figures I have, 
the efficiency under traction conditions is 84 per cent. 

I have found great difficulty in obtaining reliable figures 
as to the connection between the cost of coal, oil, water, 
stores, and repairs, and plant load factor. I have, through 
the courtesy of the engineer of an electrolytic works, 
obtained the figure of ‘214. per kw.-h. for the above 
items on a load factor of close on roo per cent. I have 
weighed the coal to one boiler operating a single engine 
driving the traction load over sixteen hours, and, taking a 
low figure for the cost of oil and repairs at my station, 
I obtained the figure of *3d. per unit for a load factor of 
43 per cent, the engine being of.300 I.H.P., gave a fair 
load for а зо ft. x 8 ft. Lancashire boiler using superheated 
steam. I obtained a third point on the curve by calcula- 
uon from this test, allowing for the coal used in banking 
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and in keeping the steam pressure at not less than 80 lbs., 
the working pressure being 160 lbs. The load factor is 
arrived at by assuming that the engine апа boiler could 
give 200 kw. steadily. I shall be very much gratified if the 
discussion throws further light on this question, and 
enables me to correct ог confirm the curve Fig. 18 plotted 
from the above figures. 


а 


Costs 5сасе in pence per unit. 
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Load Factor. Scate. 
Fic. 18.— Load Factor and Costs. 


Figures worked on basis of Lancashire coal at gs. per ton. Load factor 

for points т апа 2 = Units generated 
; 200 x 24 

48 hours with a Lancashire boiler, 8 ft. dia.. 30 ft. long, steam at a pressure of 

150 Ibs. per Sq. in. superheated. Compound condensing engine 300 1.Н.Р. 

Coal used, 18,700 Ibs. Units generated, 4,225. Total coal per unit, 4-44 Ibs. 

oal used in banking fires, 560 lbs. Point 1 estimated from this (езі; Point 3 
from electrolytic works, The oil and stores and repairs are approximate. 


Point 2 is taken from a coal-test over 


It appears to me to be a matter of some difficulty to 
Properly define the term load factor in this connection. 
Taking а single engine and boiler working at or near full 
load for a given number of hours, hours per day might be 
plotted on the horizontal line in Fig. 18 instead of load 
factor. The ratio between time of working and costs would 
then depend chiefly on the length of steam pipes which it is 
required to keep hot when the engine is standing. But 
the case might be considered where the engine and boiler 
are working continuously but at various loads, the curve 
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and in keeping the steam pressure at not less than 80 lbs., 
the working pressure being 160 lbs. The load factor is 
arrived at by assuming that the engine. апа boiler could 
give 200 kw. steadily. I shall be very much gratified if the 
discussion. throws further light on this question, and 
enables me to correct or confirm the curve Fig. 18 plotted 
from the above figures. 


Load factor. Scale. 
Fic. 18.—Load Factor and Costs. 


Figures worked on basis of Lancashire coal at gs. per ton. Load factor 
Units generated 
200 х 24 
48 hours with a Lancashire boiler, 8 ft. dia., 30 ft. long, steam at a pressure of 
150 lbs. per sq. in. superheated. Compound condensing engine 300 I.H.P. 
Coal used, 18,700 Ibs. Units generated, 4,225. Total coal per unit, 4'44 lbs. 
Coal used in banking fires, 560 lbs. Point 1 estimated from this test ; Point 3 

from electrolytic works. The oil and stores and repairs are approximate. 


Point 2 is taken from a coal-test over 


for points I and 2 = 


It appears to me to be a matter of some difficulty to 
properly define the term load factor in this connection. 
Taking a single engine and boiler working at or near full 
load for a given number of hours, hours per day might be 
plotted on the horizontal line in Fig. 18 instead of load 
factor. The ratio between time of working and costs would 
then depend chiefly on the length of steam pipes which it is 
required to keep hot when the engine is standing. But 


' the case might be considered where the engine and boiler 


are working continuously but at various loads, the curve 
would then represent the efficiency of engine and boiler at 
VOL. XXX. 70 
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these loads. With several engines and boilers the question 
becomes more complicated and I find myself unable to 
come to any general conclusion, and I submit the curve 
for what it may be worth. 

With regard to the arrangement of batteries, the present 
tendency to connect all the cells together by burning the 
lugs of the plates іп each cell is undoubtedly excellent 
practice. The shorter and stouter these lugs are made 
the better will be the self-regulation of the battery. Cells 
of stout lead, or of wood solidly put together and lined 
with lead, аге preferable to glass boxes on light wood 
trays. It is of great importance that the positive and 
negative plates should be designed to wear equally ; if 
one set of plates have much greater capacity than the 
other the weaker ones will wear out first, causing greater 
expense for renewals. Watt-hour meters for measuring 
the charge and discharge should form part of the equip- 
ment of all batteries ; even daily charging and discharging 
are essential to the life of the plates, and if the daily input 
for a lighting battery 1$ 25 per cent. more than the output, 
weekly readings of the specific gravity will show if the 
charge is right. 

The energy efficiency obtained of 74 per cent. on the 
lighting battery 1s certainly due, in part at least, to the 
great ease of operating attained by the methods described. 

The increased efficiency observed when the battery is 
worked as I have described, on an intermittent load, is 
interesting. It appears to be due to the fact that the dis- 
charges are often of such short duration that the increased 
pressure due to the gas effect is utilised on these discharges. 
The fact that the battery alone “floating” on the line 
operates best when the working pressure of each cell is 
taken at about 2°08 volts seems to confirm this view. 

In conclusion I must apologise for the somewhat tenta- 
tive way in which I have put forward my views; my 
excuse is that there are so many variables іп considering 
battery working that it 1s not easy to find a starting-point 
from which to calculate. I have to thank Messrs. Elliott 
Brothers and the British Thomson-Houston Company for 
lending me several instruments, and my assistants, Messrs. 
Hollingsworth, Eccles, and Carter for helping me with the 
experimental work. 
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APPENDIX. 


COMPLETE FIGURES RELATING TO AN ELECTRIC POWER STATION 
DRIVING A TRAMWAY AND GENERAL SUPPLY LOAD. 


The figures relate to the period from March 31, 1900, to March 31, 1901. 


= — 


: | 
Aprilto '  Julvto 1 Oct. to | Jan. to | Year's 
June. Sept. Dee. March, | Total. 
КЕС І ПЕР ЕСКЕК ЕКИ ыы Ееее МЕ ыса 
г Units бепег. Lighting 58,938 | 64,350 . 122,924 | 124,007 371,119 
Г Traction 120,477 | 144,502 182,058 | 194,002 641,759 | 
Total 179,415 | 208,912 | 304,982 | 319,569 | 1,012,878 
' Units Sold Lighting 47,020 , 53,845 102,410 , 105,382 300,257 
| Traction 118,407 132,041 108,008 | 183,220 601,685 
i PENDIR 6 |—-- на a ue. j 
| Total 166,027 | 185,886 | 270,418 | 288,611 910,942 | 
| Balteries (1) Charge 27,110 , 31,640 | 30,920 | 32,493 122,163 | 
: Discharge | 19,080 | 24120 | 22,270 | 24,810, (0,850 | 
| (2 Charge — — . , Mar. znd to. f 10,517 — | 
Discharge — — и \ошу. (| 8,560 === | 
| А ( From ) | | 
Booster Motor Units i Aug. 22nd | 2,660 6,194 | 5,720 14,574 | 
' only. | 
kw. kw. i kw. kw. | kw. 
Max Load on Lighting 180 216 | 278 250 | 278 
| Feeders Traction 307 344 | 402 406 | 400 
Е, Combined 452 о 638 673 | 675 
Мах. Load on Lighting 194 | 195 | 292 | 220 202 
Plant Traction 206 | 302 | 212 255 | 302 
Combined 390 | 470 50 400 | 504 
Plant Hours Lighting 670 614 | 1,304 1,501. 3,988 
Traction 1455 | 1,418 | 1,410 L451 | 5754 
| | Combined | 1,455 , 1418 . 1410 1451.) 5,734 
: | Load Factors Lighting 1271 | IIX | 17 104 | 127 
: Traction 175 | 178 I9'O IN'O 147 
i Combined 15:9 Isr | 194 105 154 
2 Plant Load Lighting 43 53 32 41 2 
E Factors Traction 41 33 60 52 37 
| Combined 31 31 43 46 35 
Б | 
" Sold " | 
i Gener. | 80'8% ' 836%! 83376 8:3 % | 8373 % 
yi ^ f | 
4 КЕ mde | 460,, 491, ! 251, 260 ,, $9.5 
Lighting 4 pd | | 
ISCH. | 
a Sold j 4U35, 448 „1 2173, | 23 6 » | 204 „ 
x Disch. 
Charge | 726„ | 762, 720, 763 »! 744» 
А Sold | 
B. Gener. | 983 э) 913. 023, 941 ,, 937 » 
e Booster  : | E | х 
| Сепег. j СЕЕ =“ 2 94 ” | = 94 ” 
| р Traction one | T e From 10:02 ,, — 
с> Dish у | Маг. 2nd 
К ы == -- to о, -- 
12 zoe" | | Mar. 3151 | 
Charge j ср Че оту. 814 1 = 
SERERE алза эю ERE 
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The tramway system was very rapidly extended throughout the year, 
as is shown by the figures, the consequence is that the load factor over 
the whole year is lower than will be the case next year, when less new 
work will be done ; the load factors for the quarters give a more true 
idea of the correct figures. 

The boilers under steam at any time, were two Babcock boilers 
fired with refuse burnt in a Destructor, and two 30 fect x 8 feet 
Lancashire boilers, say the equivalent of three 3o feet x8 feet 
Lancashire boilers. 

TABLE II. 
SHOWING CAPACITY OF BATTERY AND PLANT IN SOME DIRECT 
CURRENT STATIONS. 


! 
| 


| 
| Total Capacity іп kw. | 


Ratio of 
i ce m P ay | 
Plant. | Jiu Kite | in kw. | 
| | | | 
Aberdeen ... ie ex 1,620 260 10 | 
Sunderland ... was | 1,880 60 “03 
Norwich  ... s d 1,664 120 '07 
Notting Hill Жо; av 660 100 | 15 
Oswestry ... 254 ӨРЕ 173 40 2: 
Wolverhampton... m" 1,440 | 220 15 
Manchester... | ..  ..| 7250 | 240 |. ^0 
Lincoln a HOS re 600 85 | 714 
Chester i eee oe 1,000 30 "03 
Charing Cross Sus В 4,900 800 16 
Chelsea КІР e" Ex 3,100 190 (94) | 
Stockport... к ut 460 | 250 + 
Whitehaven ess ies 210 55 26 
Canterbury ... d i 300 150 5 
Leyton ке Жа 28 1,260 200 15 | 
Hovc... = es p 1,200 90 о7 | 
Barrow ju s Pa 525 40 07 | 
Halifax КЕ 55% ҚҰ 1,900 200 1 | 
Nelson e vus SN 116 88 | 75 
St. Helens ... M 7. 950 | 230 "24 
Northwich ... oa sis 194 66 34 
Leith Ж” ios iem 640 | 115 718 
Llandudno ... Ls M 400 ' 60 15 
Hull ... 2% nds e 3,9900 , 300 "0/ 
Bradford... eh 241 3,509 270 '07 
Burnley  .. ы 79. 822 | 120 714 
Shrew оя а Қ” 540 бо 11 | 
Вигу Ый, е 760 | 70 "09 
Kensington .. ; Те КА, 1,000 157 7157 
Edinburgh ...  .. - 9,697 | 460 048 
Dewsburv ... 2 =. 485 85 175 
Southampton - ae 730 250 34 
Belfast 2 РР ла 2,200 | 200 09 
Harrow  ... i fas 350 79 2 
Stafford .. i s 198 140 7 
Nottingham TA EN 2,569 30 01 | 
Blackburn ... та i 2,127 75 'O3 | 
Glasgow ... M 6 10,848 46% '04 | 
Guildford... " sa 200 66 33 
Dundee ... 246 өзі 1,283 248 | 19 | 
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Mr. J. N. SHOOLBRED: The subject matter of the paper is one 
which is of considerable interest, and it is one which is most satis- 
factory to those who, like myself, for many years past, have advocated 
the use of batteries in central stations. Eight or ten years ago their 
use was very much disputed indeed. It was considered that the 
batteries themselves were so expensive that economy could not result 
from their use. At present, scarcely a station for lighting purposes, at 
all events with continuous current, is without batteries ; and now their 
use with tramways is expected to give still further important results, 
and they are being largely employed for this purpose. Тіс author of 
the paper must be congratulated on the use he has made of his bat- 
teriesat St. Helen's, particularly with tramways ; as well upon the applica- 
tion of the interesting booster which he has described. That reversible 
booster is one way of treating the variations of the load, and the 
balancing of the inequalities. Personally, I have found it convenient, and 
I am not alone in doing so, to treat the matters in another way. Before 
accepting the “reversible booster” I should prefer to look, amongst 
other points, into the relative question of the economy and the 
simplicity of the machinery іп both methods. The reversible booster, 
which bas been explained to us, includes several moving parts, the 
booster, the exciter, and the motor, all of which have to be regulated. 
I think there is great advantage in using, with the three-wire system, 
dynamo machines working at * half pressure," which can be used as 
balancers on either side. They can also be used for a variety of 
purposes, such as charging а “ half-pressure" battery, which is also 
available for “ balancing," either with or apart from the dynamo. The 
results thus given are very convenient indeed in the regulation of the 
station. Nevertheless, 1 shall be very glad to look into this quesion of 
the reversible booster, as it certainly presents advantages, if only in 
the simplification of the battery regulating leads, which cannot be 
ignored. 

The author, referring to Table II. given in the Appendix, says that 
he has endeavoured to obtain a report from various stations as to the 
relative capacity of the battery and of the gencrating plant, and tried 
to forin a ratio between the two, and that he finds a difficulty in 
explaining exactly the results. I have looked very carefully into that 
table, and I quite agree with him—taking the figures as they stand. 
For instance, two stations that I laid down are included in the table : 
Bradíord, with a ratio of 0'07, and working for eleven ycars; and 
Stockport, with a ratio of 0°54, and only two years’ running. Yet,in both 
places, the ratio at the outset (by far the most important time) was 
about обо per cent. of the generating plant. Again, not sufficient 
distinction is made between the application of batteries to lighting 
and their application to trams. In my opinion, the two ought to be 
kept perfectly distinct from one another, if only for this reason. In 
providing a supply of electricity for lighting purposes, the relative value 
of the batteries, and of the generators as current-providers, may be 
looked upon as a sort of mathematical series. At the commencement, 
when the load is small, it is the batteries which are of the greatest value. 
But their value diminishes as the load increases, and that of the 
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generator is correspondingly increased. Still the battery, even though of 
diminished importance on the score of a supply-provider, never ceases to 
be an absolute necessity ina station, for many other reasons, too numerous 
to discuss here. "Thus, in lighting stations, to quote the ratio alone Бе- 
tween the plant and the batteries (a figure which is always varying with 
the age of the station) gives no idea of the actual value of the battery 
in the working of the station, especially if three-wire arrangements 
are in use. Again, in Table II. no distinction is made, as to, whether 
and to what extent the battery is used for lighting, or for tram purposes. 
Yet this distinction is most important. For, while with lighting, as has 
just been pointed out, the relative value of the battery, as a current- 
provider, diminishes as the supply increases, with the tram-supply this 
is not the case—the ratio remains much more constant. As all of these 
matters should be taken into consideration in the table, and they are 
somewhat difficult, perhaps, to distinguish, itis not surprising that the 
results, as they at present appear in that table, are somewhat difficult 
to understand. Тһе object, I take it, of the batteries in tram-work is to 
take off the excessive load-peaks that occur, and which are due to 
starting stresses, and thus to leave a certain broad and more regular 
quantity, which represents the body of the load, to be dealt with by the 
dynamos directly. Тһе relief thus afforded to the dynamos would 
seem to be the great value and advantage of the battery in tram-work. 
The duty expected from the battery therefore bears a somewhat direct 
proportion to the total load. Аз the load increases, the extra. propor- 
tion of battery reserve to take the peak may likewise increase ; but it is a 
totallv different requirement from that of lighting. "The author refers 
to the grading of the generating plant. This has been acknowledged, 
from the commencement of electric lighting central stations, to be a 
matter of very great importance. It is about ten years ago, and in this 
room, that the late Mr. Willans, when discussing one of the earliest 
installations, that of the Bradford Corporation—as I daresay Colonel 
Crompton, who is present, wil remember—strongly urged the advisa- 
bility of not having too large units to begin with, and not to have more 
than two or three types of dynamos in each station, reducing thereby 
the number of types of spares. I quite agree, therefore, with the 
author as to the immense importance of simplicity in what he terms 
the grading of the generators. The part that batteries play in 
equalising and assisting. that grading by filing up the load-gap, 
between the economic working percentage load of one dynamo and 
that of the next dynamo to be put on, or vice versd, so as to enable the 
dynamos to work as near as possible at full load, is a part that persons, 
who have not very closely followed the working of a continuous-current 
lighting station, can hardly appreciate. "This use of the battery has a 
very great economical bearing on the working of the station ; and it 
is one which is only beginning to be realised. Great as has been the 
advantage from the use of the storage battery in lighting stations, there 
is, in my opinion, an even larger future in connection with tramways. 
The author is particularly deserving of our best thanks for the interesting 
series of diagrams which he has brought before us; and I think we 
ought not to omit, also, to record our thanks to Mr. Grindle for the 
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very valuable and kindred paper, and diagrams illustrating it, that a M 


short time ago he brought before the Manchester section of this 
Institution. These papers have pointed out to many, who have not had 
the opportunity of seeing them, the use to which batteries are put 
on the Swiss tramways, particularly on the Zurich and Lucerne trams, 
and on others on the Continent. 

The author has also referred to another point, namely, the life of a 
battery. The life of a battery, as he very properly says, depends not 
merely upon the use which is being made of it, but also, and even more, 
upon the constant and daily attention, so as to remedy at once any 
incipent defects. Several instances have come under my notice where 
batteries, which have remained in good order for several years, under 
such inspection, but which have, once that supervision was removed, 
very quickly come to an untimely end. In conclusion, I can only add 
my thanks to the author for having brought this very interesting and 
most useful communication before the Institution. 

Мг. С. А. GRINDLE : I do not think I can say much, except to con- 
gratulate Mr. Highfield upon the very lucid and able paper he has had 
the pleasure of laying before us this evening. For many years past we 
have all felt the necessity of some means of dealing with the question 
of the regulation of batteries, and the only means which has hitherto 
been open, namely, that of regulating cells, has been extremely unsatis- 
fatory ; not only unsatisfactory, but at the same time very much to the 
detriment of the battery. I speak from experience. In this system 
which Mr. Highfield has, I may almost say introduced, nearly all those 
difficulties have vanished, and from actual experience I can say that we 
have one of the most perfect means of employing a battery for 
lighting or tram work that has yet been designed. "The system he has 
described to you is most workable; we have employed it now in 
several places, and I have had it under my own control with the most 
satisfactory results. 

- The PRESIDENT: Can you give us a little information about the 
maintenance of cells. 

Mr. GRINDLE: I think that this system assists the question of 
maintenance more than anything else. Тһе working of the booster in 
this way puts the cells in the most advantageous position. Nothing, I 
think, is more detrimental to a battery than to run it down, and under 
the usual methods of working this unfortunately perpetually occurs. 
By the employment of a booster this difficulty is overcome ; the battery 
is practically always kept working on top of the curve. The moment 
a heavy discharge goes out it is almost immediately replaced, with the 
result that the battery works under the most satisfactory conditions, 
and consequently the maintenance is very much assisted. 


Mr. W. Н. PATCHELL: I think we must all congratulate Mr. High- м 


field on the very ingenious method of doing away with regulator cells 
that he has brought before us. I have been working with boosters for 
the last five or six years. І first used them to charge a 100-volt battery 
with a roo-volt dynamo, as many people are doing. But while doing 
that, and when arranging to increase the plant, it occurred to me that 
one might work a booster with a reverse field, so that we could use it 
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generator is correspondingly increased. Still the batterv, even though of 
diminished importance on the score of a supply-provider, never ceases to 
be an absolute necessity ina station, for many other reasons, too numerous 
to discuss here. "Thus, in lighting stations, to quote the ratio alone be- 
tween the plant and the batteries (a figure which is always varying with 
the age of the station) gives no idea of the actual value of the battery 
in the working of the station, especially if three-wire arrangements 
are in use. Again, in Table II. no distinction is made, as to, whether 
and to what extent the battery is used for lighting, or for tram purposes. 
Yet this distinction is most important. For, while with lighting, as has 
just been pointed out, the relative value of the battery, as а current- 
provider, diminishes as the supply increases, with the tram-supply this 
is not the case—the ratio remains much more constant. As all of these 
matters should be taken into consideration in the table, and they are 
somewhat difficult, perhaps, to distinguish, itis not surprising that the 
results, as they at present appear in that table, are somewhat difficult 
to understand. Тһе object, I take it, of the batteries in tram-work is to 
take off the excessive load-peaks that occur, and which are due to 
starting stresses, and thus to leave a certain broad and more regular 
quantity, which represents the body of the load, to be dealt with by the 
dynamos directly. Тһе relief. thus afforded to the dynamos would 
seem to be the great value and advantage of the battery in tram-work. 
The duty expected from the battery therefore bears a somewhat direct 
proportion to the total load. Аз the load increases, the extra. propor- 
tion of battery reserve to take the peak may likewise increase ; but it is a 
totally different requirement from that of lighting. Тһе author refers 
to the grading of the generating plant. This has been acknowledged, 
from the commencement of electric lighting central stations, to be a 
matter of very great importance. It is about ten years ago, and in this 
room, that the late Mr. Willans, when discussing опе of the earliest 
installations, that of the Bradford Corporation—as I daresay Colonel 
Crompton, who is present, wil remember—strongly urged the advisa- 
bility of not having too large units to begin with, and not to have more 
than two or three types of dynamos in cach station, reducing thereby 
the number of types of spares. I quite agree, therefore, with the 
author as to the immense importance of simplicity in what he terms 
the grading of the generators. The part that batteries play іп 
equalising and assisting that grading by filing up the load-gap, 
between the economic working percentage load of onc dynamo and 
that of the next dynamo to be put on, or vice versd, so as to enable the 
dynamos to work as near as possible at full load, is а part that persons, 
who have not very closely followed the working of a continuous-current 
lighting station, can hardly appreciate. This use of the battery has a 
very great economical bearing on the working of the station ; and it 
is one which is only beginning to be realised. Great as has been the 
advantage from the use of the storage battery in lighting stations, there 
is, in my opinion, an even larger future in connection with tramwavs. 
The author is particularly deserving of our best thanks for the interesting 
scries of diagrams which he has brought before us; and I think we 
ought not to omit, also, to record our thanks to Mr. Grindle for the 
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very valuable and kindred paper, and diagrams illustrating it, that a 
short time ago he brought before the Manchester section of this 
Institution. These papers have pointed out to many, who have not had 
the opportunity of seeing them, the use to which batteries are put 
on the Swiss tramways, particularly on the Zurich and Lucerne trams, 
and on others on the Continent. 

The author has also referred to another point, namely, the life of a 
battery. The life of a battery, as he very properly says, depends not 
merely upon the use which is being made of it, but also, and even more, 
upon the constant and daily attention, so as to remedy at once any 
incipent defects. Several instances have come under my notice where 
batteries, which have remained in good order for several years, under 
such inspection, but which have, once that supervision was removed, 
very quickly come to an untimely end. In conclusion, I can only add 
my thanks to the author for having brought this very interesting and 
most useful communication before the Institution. 

Мг. С. А. GRINDLE: I do not think I can say much, except to con- 
gratulate Mr. Highteld upon the very lucid and able paper he has had 
the pleasure of laying before us this evening. For many years past we 
have all felt the necessity of some means of dealing with the question 
of the regulation of batteries, and the only means which has hitherto 
been open, namely, that of regulating cells, has been extremely unsatis- 
fatory ; not only unsatisfactory, but at the same time very much to the 
detriment of the battery. I speak from experience. In this system 
which Mr. Highfield has, I may almost say introduced, nearly all those 
difficulties have vanished, and from actual experience I can say that we 
have one of the most perfect means of emploving a battery for 
lighting or tram work that has yet been designed. The system he has 
described to vou is most workable; we have employed it now in 
several places, and I have had it under my own control with the most 
satisfactory results. 

“Тһе PRESIDENT: Can you give us a little information about the 
maintenance of cells. 

Mr. GRINDLE: I think that this system assists the question of 
maintenance more than anything else. Тһе working of the booster in 
this way puts the cells in the most advantageous position. Nothing, 1 
think, 15 more detrimental to a battery than to run it down, and under 
the usual methods of working this unfortunately perpetually occurs. 
By the employment ot a booster this difficulty is overcome ; the battery 
is practically always kept working on top of the curve. The moment 
a hcavy discharge goes out it is almost immediately replaced, with the 
result that the battery works under the most satisfactory conditions, 
and consequently the maintenance is very much assisted. 

Mr. W. H. PATCHELL : I think we must all congratulate Mr. High- 
field on the very ingenious method of doing awav with regulator cells 
that he has brought before us. I have been working with boosters for 
the last five or six years, I first used them to charge a roo-volt battery 
with a 100-volt dynamo, as many people are doing. But while doing 
that, and when arranging to increase the plant, it occurred to me that 
one might work a booster with a reverse field, so that we could use it 
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either for plus or minus, and get practically the same results which 
Mr. Highfield is getting. I was working in the early days with a 
double-wound armature, which I found was not quite convenient, and 
gave it up. I now have simply a motor generator, and use 1,000- 
ampere units. Of course they require hand regulating, and wc cannot 
work them in the way Mr. Highfield does. I have some of the motors 
driven from 1,000 volts high tension. "Those, of course, can only be run 
when the plant outside the district which supplies the high tension into 
the district isrun. Others I have working off the outers of the ordinary 
three-wire system ; and these, of course, are available at any time, day 
or night. I сап work either one, I find, with the greatest convenience, 
and so do without regulator cells, which always give trouble. I quite 
appreciate what Mr. Grindle says, and that he, as a maker, would be 
very glad if we would all do away with them. If he sorted out his 
correspondence into two bundles, and put the complaints of battery 
regulator cells in one bundle, and complaints of other battery failures 
in the other B. bundle, I think he would have a very small B. bundle. 
At any rate, we practically do not know what difficulties are. All the 
difficulties we had with the old battery are done away with now that we 
have done away with the regulator cells. Another point that led me to 
do away with regulator cells was the very small value obtained from 
them compared with the rest of the battery. Supposing 60 cells are 
required to work a 100-volt circuit : 5o will do just as well if you have 
a booster, and in big cells you will find that the saving of the cost of 
the extra ten cells, with their leads, very far outweighs the cost of the 
booster and the small switchboard that you require to work it, so that 
it is a far cheaper method in prime cost. If you are discussing battery 
maintenance you have only to discuss maintenance on 50 cells instead 
of бо, and there you get another score, so that the saving is a cumulative 
one. I am sorry I cannot put any records before you as to efficiency, 
because I did not know of the paper till last night, and I only had it in 
my hands this evening, but I think Mr. Highfield has not overstated the 
efficiency of the battery. There is not very much difference if the 
efficiency does come out at 75 per cent., so long as you can save it on 
the coal, which you can over and over again by a steady load. Our own 
peak for one figure that I have in my mind was 26 per cent., and the 
plant that was running had to run six hours a day only, and only earned 
4 per cent. of the money. That is very bad for the plant. You do not 
get your money back on the plant, and then for the other eighteen hours 
of the day we had the stand-by loss on that same plant, which we could 
cut altogether by using batteries. I think the early battery stations are 
prejudiced by not having had good cells to work with. The plates were 
put too close together, and in a good many cases a short circuit was 
obtained almost before they started. "The battery station at Chelsea, 
which was to teach us so much, is about at the bottom of the list. That 
is due to prejudice. If they would start again with an up-to-date 
battery with $ inch between the plates they would level their curve, 
and improve their results. 

Mr. C. Н. WoRDINGHAM : I have listened to Mr. Highfield's abstract 
of his paper, and must certainly very heartily congratulate him on the 
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invention which he has described. It appears to me that it will have 
very far-reaching influences on the industry, both for lighting and, 
especially, for traction. I myself have always thought that onc of the 
greatest difficulties in the use of a battery was to know when to charge 
it, because it is at all times so very useful. You want to use it twenty- 
four hours a day, and practically that is what Mr. Highfield does, just 
squeezing in the charge at odd moments. It is impossible to criticise 
the details of the working without having carefully studied the paper, 
but it really seems as if all the difficulties had been solved by the 
author. 

Mr. Н. M.Sayers: Mr. Highticld's paper attracted me considerably 
since I saw what he had been attempting and what he has succeeded 
in doing. It attracted me because during the last two or three vears I 
have at odd times given considerable attention to the problem, and 
although I believe I found paper solutions, I have not found a practical 
working solution. Мг. Highficld apparently has done so. Г have not 
bcen able yet to get through his booster and exciter diagram, and see 
exactly how it works. Тһе only criticism about that which I should 
like to make is, that probably a series-wound machine on the generator 
side of the booster might simplify matters a little. The particular 
problem that I have had in my mind was supplying lighting from 
batteries in combined stations for traction and lighting purposes, and 
I particularly wished to be able to charge my lighting batteries from 
the traction sets during the time when the load permitted. This I have 
succeeded in doing. As regards the charging, I have succeeded in 
doing that without abusing the regulating cells, and the result upon 
the load-factor of the traction station and the result upon the costs has 
been exceedingly satisfactory. The costs per unit generated іп the 
station have been knocked down fully 4d. since that plant has been in 
operation. For tramway purposes some of us have thought that the 
battery had not a great deal of application, except in sub-stations, but 1 
must say that my experience has brought me to the opinion that in 
many cases tramway plants would be greatly advantaged by а battery. 
The method here shown by which the polarity of the regulating booster 
is varied in accordance with the load, and the regulating cells are 
entirely cut out, seems to make it a practical thing. Оп tramways 
where only a small number of cars are in operation it is well known 
that the variations in the load are very large and very uncertain. In 
one case with which I am personally acquainted we get peaks of 380 
amperes with an average load of only 9o amperes, so that whilst a 
100-kilowatt set is underloaded on the average, one wants 200-kilowatt 
sets for a few seconds at a time. Of course we do not give it. We run 
the 100-kilowatt set, and the voltage and the speed drop. That is not а 
very satisfactory state of things. А battery on Mr. Highficld's plan 
would undoubtedly help us there. Іп another case an average load of 
70 amperes has peaks in it of 240 amperes. Тһе curious thing about 
these lines with a small number of cars is, that the peaks are quite 
periodical. It is very natural, when you come to consider it, and you 
find that the connection between the periodicity peaks and the time- 
table is a perfectly simple one. I would like to point out that on lineg 
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HIM Saved which are laid with single tracks with turnouts, multiplication of the 


number of cars never can bring the peaks down to a very large extent, 
because the very method of working involves the simultaneous starting 
of two cars at each starting place ; and if you will think it out it involves 
the nearly simultaneous starting of a considerable number of pairs of 
cars at a considerable number of passing places. Obviously the best 
arrangement is to have the passing places evenly spaced, so that the 
cars take even times to run from one passing place to another. Under 
those conditions every other passing place has a pair of cars on it 
starting at a particular moment. Consequently the multiplication of 
the number of cars does not cut down your peaks to a very large extent, 
unless you are working a number of branch lines with different services 
on them. So that for small stations, and for stations of pretty fair size, 
it would appear that this battery arrangement has a large field of useful- 
ness. We certainly would like to have a few figures, which of course 
can only be supplied from experience, as to the efficiency and economy 
of working. It does appear to me that it is very promising. With 
regard to first cost, we are told in the paper that for traction conditions 
the batteries do not cost very much more than the steam plant for the 
same output. І have not been able to see how that is equated ; perhaps 
it is a question of the way in which the output is taken. Му experience 
has been that batteries cost a good deal more than the steam plant, 
leaving buildings out of account. With regard to the figures of efficiency, 
84 per cent. is, of course, very much more than we have experienced 
from battery use under lighting conditions, and it appears to show that 
the extra voltage due to the polarisation or to the gassing is utilised to 
considerable advantage, so that the discharge battery under these con- 
ditions is not a discharge from 2 volts down to 1:8, but a discharge from 
2:2 volts down to 2 volts, or something of that sort, so that the voltage 
factor of the discharge is very much better in relation to the voltage 
factor of the charge than under more ordinary conditions. Тһе exact 
figures of the efficiency would be very useful to us. I trust Mr. High- 
field will be good enough to say if his 84 per cent. includes as input the 
power taken to run the booster. Mr. Highfield talks about load factor, 
and asks for some assistance in a good definition of load factor. I have 
found that the most useful load factor (among the many things called 
load factors) to the station engineer is the “running plant load factor," 
that is to say, the relation between the actual output of a station and the 
output which would have been given at full load by the plant actuallv 
run during the time it was actually running. This figure and the cost 
of generation follow each other inversely in a very close way. When I 
have been in charge of running stations I have directed my energies to 
keeping that running plant load factor high, and the result has been 
very satisfactory. 
ты Professor E. WiLsoN : I should like to congratulate Mr. Highheld 
| on his excellent paper, first because һе is ап old King's College 
student, secondly because he has brought forward a very ingenious 
invention, and thirdly because he has put that invention to a practical 
test, and has made it a success. I think it is in connection with 
electrical traction, where the fluctuations of tbe load are severe and 


1901. | REVERSIBLE BOOSTERS: DISCUSSION. 1081 


Professor 
In 


sudden, that this automatic reversible booster is of great value. Wilson. 


electric lighting this does not appear to be so important, but in connec- 
tion with electric traction it is of very great importance. Mr. Highfield 
has shown that on small traction schemes at any rate this reversible 
booster can effect considerable economy. Other systems have been 
devised with the object of effecting what Mr. Hightield has put before 
us, and one of these systems I should like to point out to vou. It is Бу 
Messrs. Siemens & Halske, of Berlin, and is shown in Fig. B on the 
diagram. Fig. A gives Mr. Hightield’s system, for the purpose of 


Fic. А. Fic. B. 


Comparison. In each, A is the generator, В is the booster, С is the 
battery, and D is the exciter. In Mr. Highficld's case the exciter D 
gives a constant potential difference; whether it is a motor or a 
Benerator, its E.M.F. is practically unaffected by the variations of the 
current flowing though the armature. The magnitude and direction of 
the exciting current of the booster B is determined by the difference 
of potential difference between the exciter D and the battery C. 
Obviously it will be positive or negative according as the battery has 
higher or lower potential difference than the exciter. In the Siemens 
& Halske arrangement the exciting coil of the booster is connected to 
the terminals of the exciter, the excitation of which is the difference of 
the current turns due to two coils wound upon its magnet. One coil is 
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placed in parallel with the battery, the other coil is placed in series 
with the conductor which goes to the line. It is obvious by suitably 
adjusting the number of turns that, according to the potential ditterence 
of the battery and the current in the line, the net ampere-turns upon 
this magnet will be positive or negative, as the case may be—that ts to 
say, the exciter gives a positive or negative current through the exciting 
coil of the booster, and the potential ditterence of the booster is positive 
or negative accordingly. Whether this system has ever been put into 
actual practice or not I do not know, but it is of interest. One advan- 
tage of Mr. Highfield’s arrangement is that you have simply the reversal 
of the booster potential difference, whereas in Siemens & Halske vou 
have to reverse on two commutators. When one starts designing an 
automatic reversible booster for the purpose set forth, one naturally 
considers the differential winding of the booster itself. If the figures 
are carefullv gone into, it is found that the amount of copper required 
to be put upon the booster is excessive. I do not know if the Siemens 
& Halske arrangement, of using a small exciter and ditterential coils 
upon it, leads to more economical working. There are other systems, too, 
which time does not permit one to describe. Entz in America has 
worked at automatic reversible boosters, and I have an interest in one. 
With regard to regulating cells, I think they are a thing of the past, 
except, perhaps, іп the case of small private installations. After 
having had considerable experience. with the automatic adjustment 
of charge and discharge switches, I feel sure that it is impossible by 
this means to properly cope with the fluctuations met with in traction 
work. It is now generally recognised that the reversible booster is the 
proper thing to employ, both for traction and for lighting, but it is in 
the former that it should Бе automatic. 

Colonel К. E. CRoMPTON : I will take first a point which I did not 
intend to allude to, but it follows Professor Wilson's remarks. He has 
mentioned that in America, as in other places, reversible boosters have 
been used. Unless I am very much mistaken, Mr. Chamen, when he 
was with ту firm about eight ycars ago, worked out at my request ап 
arrangement almost if not quite identical with that which has been so 
ably put before us to-night by Mr. Hightield, and we took out a patent 
for it. We sold our rights for its usc in America, and I believe it has 
been used there. This does not for one moment detract from the 
admiration we feel for Mr. Highhield's skill and ingenuity in adapting 
what is, as far as I understand it, practically the same invention tor his 
station. 

I think I have had nearly twenty years’ experience with accumula- 
lators, but, although I was very active in experimenting some years ago. 
I have not had so much work with them of late years, so that I am 
getting rather rusty on recent practice. As some of you will remember. 
about twelve or fourteen years ago, the subject of the pros and cons оѓ 
using accumulators, and my own attempts to answer some of the ques- 
tions which, have been put again before you by Mr. Highfield to-night, 
used to draw large meetings. I only wish that I had had such a good 
man as Mr. Hightield on my side in those stirring times. I assure vou 
in those days we stood up for batteries working in parallel with our 
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generators. When we talked about their helping us over the peak of 
the load and helping to fill up the steps between each successive added 
generator, we were listened to with a great deal of incredulity by the 
larger parts of our audiences. I am glad to see that things are different 
now. There is no doubt that Mr. Highfield is right. I will tell you, 
gentlemen, one very important reason why accumulators have not been 
used to a far greater extent than they are used, and ought to be used, is 
because the men who managed them in the past differed so greatly in 
their care and knowledge of them. Тһе management of a battery of 
accumulators is a thing Бу itself ; every man is not built that way. А 
great many fellows are splendid engineers with their boilers, steam and 
dynamo machinery, but accumulators are too much for them, and in 
all those stations the batteries have either been a failure, frequently 
breaking down and giving trouble, or by high repairs have been a 
financial failure—that is to sav, the repairs and maintenance have been 
so heavy as not to warrant further extension and use. On the other 
hand, we have men who, like Mr. Highfield, have gone into the ques- 
tion, have seen the weak points, have used their brains, and the result 
has been what we have heard to-night, upon which I most heartily 
congratulate him. I think Mr. Patchell was a little hard on us older 
hands when he talked about the ignorance of early manufacturers. 
They who laboured in the earlv davs making and developing the 
accumulators which you now benefit by had a hard and difficult job; 
experience only came in verv slowly. Mr. Patchell talks about accumu- 
lators ten years ago not being properly spaced. I think it is nearly 
hfteen years ago since I introduced # in. spacing. That, no doubt, was 
a very great improvement, which made the maintenance of accumula- 
tors cost very much less than it used to. I quite agree with Mr. 
Highfield and Mr. Patchell that the chief wear and tear has always to 
be debited to the regulating cells, and it was that which made me call 
upon Mr. Chamen to invent to order some apparatus—a reversible 
booster, in fact—to take the place of the regulating cells; and he did 
it satisfactorily. I quite agree with Mr. Highfield that a very fair mean 
cost of installing accumulators to be discharged at a three-hour rate 
would be £35 a kilowatt, and I think that with the right men it will be 
found to pay to instal at this cost a much larger proportion of accumu- 
lators than is generally the case. I should agree with him even if the 
rate of depreciation was much higher than the figure he gives. For 
many years І calculated for a rate of depreciation being charged 
against the accumulators of the Kensington Company at 144 per cent. 
per annum—that 15 to say, whatever their annual upkeep did cost was 
deducted from the sum yielded by 144 per cent. on their first cost, and 
the balance, if anv, was carried forward to a fund. For many years 
there were accumulations in that fund, but afterwards, when the station 
grew larger, the batteries were overworked in the manner Mr. Hightield 
has stated. Then repairs came higher, and that 144 per cent. figure 
was insufficient. Some speakers have doubted that such high efficiency 
percentages as 84 per cent. can be obtained. І am only speaking trom 
memory, but I think that in the station engineer’s books of the Company 
Ihave just mentioned—the Kensington Company—for many years the 
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placed in parallel with the battery, the other coil is placed in series 
with the conductor which goes to the line. It is obvious by suitably 
adjusting the number of turns that, according to the potential difference 
of the battery and the current in the line, the net ampere-turns upon 
this magnet will be positive ог negative, as the case may be—that is to 
say, the exciter gives a positive or negative current through the exciting 
coil of the booster, and the potential difference of the booster is positive 
or negative accordingly. Whether this system has ever been put into 
actual practice or not I do not know, but it is of interest. One advan- 
tage of Mr. Highfield’s arrangement is that you have simply the reversal 
of the booster potential ditference, whereas in Siemens & Halske you 
have to reverse on two commutators. When one starts designing an 
automatic reversible booster for the purpose set forth, one naturallv 
considers the ditterential winding of the booster itself. И the figures 
are carefully gone into, it is found that the amount of copper required 
to be put upon the booster is excessive. I do not know if the Siemens 
& Halske arrangement, of using a small exciter and differential coils 
upon it, leads to more economical working. There are other systems, too, 
which time does not permit one to describe. Entz in America has 
worked at automatic reversible boosters, and I have an interest in one. 
With regard to regulating cells, I think they are a thing of the past, 
except, perhaps, іп the case of small private installations. After 
having had considerable experience. with the automatic adjustment 
of charge and discharge switches, I feel sure that it is impossible by 
this means to properly cope with the fluctuations met with in traction 
work. Itis now generally recognised that the reversible booster is the 
proper thing to employ, both tor traction and for lighting, but it is in 
the former that it should be automatic. 

Colonel R. E. CRoMPTON : I will take first a point which I did not 
intend to allude to, but it follows Professor Wilson's remarks. He has 
mentioned that in America, as in other places, reversible boosters have 
been used. Unless Гат very much mistaken, Mr. Chamen, when he 
was with шу firm about eight. years ago, worked out at my request ап 
arrangement almost if not quite identical with that which has been so 
ably put before us to-night by Mr. Highticld, and we took out a patent 
tor it. We sold our rights for its use in America, and I believe it has 
been used there. This does not for one moment detract trom the 
admiration. we feel for Mr. Hightield’s skill and ingenuity in adapting 
What 15, as far as [ understand it, practically the same invention tor his 
station. 

I think I have had nearly twenty years’ experience with accumula- 
lators, but, although I was very active in experimenting some years ago, 
Г have not had so much work with them of late years, so that Гат 
getting rather rusty on recent practice. As some of you will remember, 
about twelve or fourteen years ago, the subject of the pros and cons ot 
using accumulators, and my own attempts to answer some of the ques- 
tions which have been put again before you by Mr. Hightield to-night, 
used to draw large meetings. I only wish that I had had such a good 
man as Mr. Highticld on my side in those stirring times. I assure you 
in those days we stood up for batteries working in parallel with our 
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generators. When we talked about their helping us over the peak of 
the load and helping to fill up the steps between each successive added 
generator, we were listened to witha great deal of incredulity by the 
larger parts of our audiences. I am glad to see that things are different 
now. There is no doubt that Mr. Highfield is right. I will tell you, 
gentlemen, one very important reason why accumulators have not been 
used to a far greater extent than they are used, and ought to be used, is 
because the men who managed them in the past differed so greatly in 
their care and knowledge of them. The management of a batterv of 
accumulators is a thing by itself ; every man is not built that way. А 
great manv fellows are splendid engineers with their boilers, steam and 
dvnamo machinery, but accumulators are too much for them, and in 
all those stations the batteries have either been a failure, frequentlv 
breaking down and giving trouble, or bv high repairs have been а 
financial failure—that is to sav, the repairs and maintenance have been 
so heavy as not to warrant further extension and use. On the other 
hand, we have men who, like Mr. Highfield, have gone into the ques- 
tion, have seen the weak points, have used their brains, and the result 
has been what we have heard to-night, upon which I most heartily 
congratulate him. I think Mr. Patchell was a little hard on us older 
hands when he talked about the ignorance of early manufacturers. 
They who laboured in the early davs making and developing the 
accumulators which vou now benefit by had a hard апа difficult job ; 
experience only came in very slowly. Mr. Patchell talks about accumu- 
lators ten years ago not being properly spaced. I think it is nearly 
hfteen years ago since I introduced # in. spacing. That, no doubt, was 
avery great improvement, which made the maintenance of accumula- 
tors cost very much less than it used to. I quite agree with Mr. 
Highfield and Mr. Patchell that the chief wear and tear has always to 
be debited to the regulating cells, and it was that which made me call 
upon Mr. Chamen to invent to order some apparatus—a reversible 
booster, in fact—to take the place of the regulating cells ; and he did 
it satizfactorilv. I quite agree with Mr. Highfield that a very fair mean 
cost of installing accumulators to be discharged at a three-hour rate 
would be £35 a kilowatt, and I think that with the right men it will be 
found to pay to instal at this cost a much larger proportion of accumu- 
lators than is generallv the case. I should agree with him even if the 
rate of depreciation was much higher than the figure he gives. For 
manv vears I calculated for a rate of depreciation being charged 
against the accumulators of the Kensington Company at 143 per cent. 
рег annum—that is to sav, whatever their annual upkeep did cost was 
deducted from the sum yielded by 144 per cent. on their first cost, and 
the balance, if апу, was carried forward to а fund. For many years 
thcre wcre accumulations in that fund, but afterwards, when the station 
grew larger, the batteries were overworked in the manner Mr. Highfield 
has stated. Then repairs came higher, and that 144 per cent. figure 
was insufficient. Some speakers have doubted that such high efficiency 
percentages as 84 per cent. can be obtained. I am only speaking from 
memory, but I think that in the station engineer’s books of the Company 
I have just mentioned—the Kensington Company—for many years the 
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efficiencies were got out every month for the Board meetings, and thev 
used, to vary between 81 and 84 per cent. for many months together, if 
not for years. I should mention that as regards Chamen's invention, 
we called it an Updown Dynamo. I wish heartily to congratulate the 
author on having dealt so ably with such an interesting subject, and a 
subject, what is more, which deserves well dealing with. 

Mr. A. P. TROTTER: I have a very few words to say on this paper. 
Mr. Highfield is one of those Midland engineers who come too seldom 
to London. He has not even told you where he comes from. He 
comes from St. Helen's, one of those towns in which the Corporation 
does its lighting and supplies current to the Company which runs the 
trams, and also one of those very few places where there is a 
destructor which is actually earning its food and doing really good 
work. I have watched this booster running several times. Of all the 
switchboards I have ever seen I know none more interesting than thosc 
at such stations as St. Helen's апа Birkenhead, where the Highheld 
boosters are used. То sce the ammeters and voltmeters and recording 
instruments following each other, and to see this httle machine running 
round, apparently doing all the thinking and keeping the main ammeter 
needle marvellously steady, is remarkable. In the battery room there 
is simply a row of batteries, and a main conductor coming in at onc 
end and going out of the other: there is none of that forest of connec- 
tions that you are so familiar with. To watch the battery is interesting, 
because if you stand by it you can hear the load coming on and ой, 
just like the patter of rain. There isa little buzz as the charge comes 
on, and it is silent again when the current has been taken out of it. 
One has a chance of seing on these records, without a roundabout 
calculation by a meter, what the average amperes are, for in a traction 
works station no one knows exactly what is the average output. I must 
say that the average current seems to be extraordinarily low. If I 
remember rightly, there are some hills in St. Helen’s, but on Fig. 11 
you will see that dotted line which seems to be about 240 amperes tor 
20 cars, and on Fig. 12 300 amperes for 25 cars, works out at about 
12 amperes рег саг. In ordinary practice 20 amperes to 15 amperes 15 
fairly good work; but in this case we find the low figure 12, and I 
would like to ask the author if he could tell us whether there are 
any special features in his line, or the size of the cars, which brings it 
down to thattlow figure. 

Mr. W. B. Esson : I am glad Mr. Highfield has taken up the matter 
of the proportion of battery capacity to steam plant capacity, for though 
frequently, in discussion, this point has been referred to, ideas on the 
subject do not appear to have taken very definite shape. In Table II. 
of his Appendix, Mr. Highfield has lumped the stations together in a 
somewhat higgledy-piggeldy way, and it would appear from the figures 
that there is no sort of law governing the proportion. But if we 
re-arrange the stations in order of plant capacity, we see at once that 
the broad principle applies of large battery proportion for small stations. 
and small battery proportion for large stations. For stations under 
500 k.w. capacity, the ratio of battery to steam plant appears to average 
0'25 ; for those of from 500 k.w. to 1,500 К.х. about 0'125 ; above 1,500 and 
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up to 5,000 k.w., o'100, and above 5,000 k.w., 0'04. There is, of course, 
considerable variation amongst the figures, but the above give the 
average and clearly indicate the law I have referred to. Now this is 
just what we would expect, as the battery occupies in a large installation 
avery different. position to what it does ina small. In the latter, the 
battery forms, so to speak, ап important and essential part of the 
generating plant, as it furnishes the supply for a considerable portion 
of each dav, enabling the running machinery to be shut down during 
that period. But with the development of a station, there comes a time 
when it is less costly to run machinery continuously than to increase 
the batterv power. Тһе battery no longer acts as supply plant, and the 
reason for the proportion of battery capacity diminishing as the station 
gets larger is simply due to the fact that the battery is not increased at 
al. or increased іп verv small proportion to the increase of plant 
capacity. The proof of the pudding is in the eating, and after manv 
years experience the universal practice is for the battery power to 
shrink as the station grows. Іп this matter, Mr. Siemens was a truer 
prophet than Mr. Crompton, as he remarked several vears ago—and I 
think in this very room—that accumulators were only of use for toy 
stations. With all deference to Mr. Highfield, a very good reason for 
the great diversity in practice is furnished by the process of station 
development. As larger sets are added in the station, the original sets 
serve for the light loads, and this grading of the units admits of the 
station being worked economically independently of the battery. 

I note that Mr. Highfield does not propose to adopt for large power- 
stations shunt-wound dynamos combined with batteries in place of the 
usual plant, and in this I think he is quite right. After all, simplicity is 
the great thing to be aimed at. With regard to the efficiencv of the 
battery given for one year, 74 per cent. Mr. Highfield might let us 
know if this is for the first year of the battery's life, or had it been 
working for some time prior to this twelvemonth ? 

Referring to the cost of generation as determined bv the load factor, 
I do not think it is difficult to arrive at this. We sce frequent reference 
to the want of economy resulting from running generators at }-load, 
Ноа4, etc., but engineers, as a class, do not seem to have very definite 
ideas as to what the difference in steam consumption would be. Long 
ago, the late Mr. Willans showed that the steam consumption per hour 
of a direct-coupled generator might be expressed іп the form :— 

а + bW, 
where а апа b are coefficients depending upon the construction of the 
engine, апа W the output in watts. From this you will observe that 
the total annual steam consumption is made up of two terms, the first 
dependent only оп the number of hours for which the set is run, and 
the second depending only on the units generated and quite regardless 
of the hours run to produce them. When it is remembered that the 
quantity a is for a non-condensing engine about one-third of the total 
steam taken at full load, it will be seen how important it is to get from 
each set maximum number of units for a minimum number of hours 
running. Тһе result works out something like this. Taking a 500 k.w. 
set, the steam consumption at full load might be taken at 33 Ibs. per 
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k.w.h. = 16,500 lbs. which means that running round on light load, 
there is consumed every hour 5,500 lbs. of steam. Assume for the sake 
of argument that the cost of steam raising is one penny per 100 lbs. and 
we have the cost of running the set as :— 


45. 7d. + ‘22d. x K.W. 


That is to зау, year in, year out, for every hour the set 15 running, уоп 
have a standing charge of four shillings and sevenpence to pay whether 
generating 5 or 500 units per hour, each unit costing, after this charge 
is paid, something under one farthing. When condensing, the standing 
charge would go down to 2s. 94., but whatever the amount, there is no 
escape from its payment. A little arithmetic will show that while 
working non-condensing at full load, the total steam cost per unit is 
'33d., at irds.-load it is *38d., and at 4rd.-load it is ‘544. : assuming that 
the cost of fuel corresponds to 14. for everv 100 lbs. of water evaporated. 
This will show that it is not difficult to get at the cost of generation in 
terms of the load factor, though for a complete statement the behaviour 
of the boilers, steam pipes, etc., must also be taken into account. This 
simple approximate law for the generator enables us to sec that the cost 
per unit depends largely on how the generators are loaded, and amongst 
other things teaches us that if we have to run a number of similar 
generators for a particular load, the manner in which the load is divided 
amongst them makes no difference to the cost per unit. With some 
fully loaded and others partially loaded, we have just the same result 
as if all were loaded equally. But cut out one machine, and so wipe 
out on its account some of the standing charges, and the cost per unit 
at once goes down. 

We must all admit that Mr. Highficld's booster is a verv ingeniously 
contrived apparatus, and he very clearly sets forth its object. It is 
required because of the great fluctuations of the batterv E.M.F., on 
very rapid discharges and its function is to even up the battery 
characteristic, so that working in conjunction with a shunt dynamo, it 
discharges and takes charge in accordance with the demands of the 
plant. But that battery working will ever come into use for large plants 
is not at all likely. Мг. Highfield in such cases would confine batteries 
to substations, remarking that he does not think the central station the 
correct place for them. Might I go further and say that fhey are not 
the correct thing for a substation, or boosters either for that matter, 
which brings us back to the simplest of all methods of working, bv 
compound wound generators, which is also the least costly in mainten- 
ance and supervision. 

Mr. S. F. WALKER : I venture to think that the whole question turns 
upon the method of charging—that is the crux of the whole thing—and 
that what Mr. Highfield апа others who have worked in this direction 
have done is that they have not only got rid of the regulating cells, but 
ofalarge portion of the work on the plates. Ithink Mr. Savers has 
given us the key to the whole matter. You are working practically on 
the gas: you are getting your 2.2 down to 2, instead of taking it out of 
the charge, and are therefore getting a higher efficiency and a longer 
life. 
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Мг. E. KiLBURN Scorr (communicated): There is one application 
of the reversible booster which I think is most interesting, namely, for 
very heavy crane work for docks, wharves, etc. When comparing the 
power possibilities of an electric crane for dock work with its prototype 
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the hydraulic crane, there is this to be considered, that the hydraulic 

crane has always the pressure of water from the hydraulic accumulator 

to draw upon. On this account it is necessary to work large electrical 

cranes in conjunction with accumulators to make them at all com- 

parable with hydraulic cranes. Now if an electric accumulator is used 

at all, it must be with the reversible booster, otherwise the cost is quite 
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prohibitive. About fifteen months ago I had to work out such an 
arrangement for some large cranes for a London Dock, and 
Figs. C and D show the arrangement adopted. There is a little extra 
expense on account of the series winding on the booster field, the com- 
mutator must also be large enough to carry the full discharge current, 
and in order that the polarity may reverse readily, it is well to work 
at a low density and use laminated iron poles. 

It may be mentioned that the reversible booster has been used for 
some considerable time for working tramways in several towns on the 
Continent. Тһе Remscheid tramways which the Union Company of 
Berlin equipped so long ago as 1892, was probably the first example, 
the reversible booster in this case being arranged on a modification of 
the Siemens and Halske device. See a paper by M. Ludwig Schróder 
on Electric Tramways with accumulators, read December 15, 1896, at a 
meeting of the Elektrischer Verein. 

The Lisbon tramways are worked with a reversible booster, and so 
also are the following tramways in France :— i 

Paris Metropolitan Railway, Bercy. 
5 © - Etoile. 
Paris Tramway to Epinay, and the Tramways of Fontainebleau, 
Armentieres, Montpellier, Boulogne-sur-Mer, Orleans, 
Poitiers, Pau, and Toulon. 

Mr. W. Н. BoorH (communicated): The author is to be congratulated 
on his excellent paper and the manner in which he has put forward the 
points in favour of accumulators. There can be no doubt that a good 
battery, well cared for and not overstressed, ought to prove а very pay- 
ing investment in small traction systems. The load-factor is the factor 
that dominates the position. Тһе author's statements as to load-factors 
appear to be substantially accurate. So far as figures have Бесп available 
by me the load-factor would appear to be determined by the number of 
cars at work upon a line, 2.е., at work in parallel. 

Each car constitutes an element of disturbance. As regards 
current consumption, the load-curve is simply a series of numerous 
maxima interspersed with many zero peaks. For very few cars, there 
are also many points of zero when the onlv station load is that due to 
engine and generator. friction, but there will be a less aggressive series 
of maxima, In fact, as the number of running cars increases so do the 
peaks and valleys diminish. No doubt, also, the nature of a line, the 
distances between loops and other factors have their effect, but the 
primary factor is the number of elements which are combined to make 
the full load. By observing many hundred cases in ordinary tramway 
work I have found that the load-factor within a field varying from three 
to forty cars at work may be taken as some multiple of the cube root of 
the average number of cars. That is to say, if the number of car-hours 
in any period of time—say twenty-eight days—be divided by the station- 
hours in the same period, the quotient will be the average number of 
cars working every hour. Тһе cube root of this number multiplied by 
IO to 12 will give the load-factor. Thus with 8 cars the load-factor will 
be 20 to 24, with 27 cars 30 to 36, with 64 cars 40 to 48. The formula 
is, of course, purcly empirical, unless possibly the ¥ represents some 
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correct basis ; but it serves for the ordinary 18 to 20 hours’ day of the 
ordinary tramway system with comparatively short periods of light load 
in the early morning and later at night, and it certainly fils with facts 
up to the range of small stations and would give a load-factor of 80 to 
go for a system of 500 cars run off one system of mains, 2.е., all electrically 
in parallel. 

Small or large cars do not appreciably atfect the result, which 
strengthens my opinion that load-factors are chiefly dependent upon 
the effect of numbers, though of course'a single large car will have a 
higher maximum peak than one small car. 

The difference is not appreciable on the maximum station curve. 
Approximately the fuel consumption of a traction station, per unit of 
output, will vary inversely as the load-factor, and it is here that the 
possibility of economy enters. Large stations with many running cars 
have fairly steady loads and much is not to be expected from them in 
economy due to accumulators. But in a small station with a load-factor 
of perhaps 16 per cent., there is a large margin for economy. Inthe 
small system, running only three or four cars, special occasions may 
demand the use of double or,treble the cars, and the station plant of a 
small tramway is always most excessive and could be kept much smaller 
with a battery to help the holiday traffic. In a small tramway 
system with its paltry load-factor it is sheer waste to employ costly and 
large compound engines to work at a mean load of one-fourth their 
capacity with the idea that compound engines are economical. A com- 
pound engine cannot be overloaded beyond the maximum steam inlet 
of the H.P.cylinder. Thisfact makes it necessary to employ compound 
engines that are about twice the capacity, referred to the L.P. cvlinder, 
of simple engines that will take charge of the same maximum load-curve 
peak and will not be so enormously too large—and therefore wasteful— 
on mean load. With a battery, the steam engine can be of such reason- 
able size as will carry the mean load economically, and it may be of an 
economical type, compound or even triple expansion. 

The load curve of a traction plant is so quickly variable from 
minimum to maximum that, so far as the steadying effect on steam 
consumption of an accumulator is considered, this may be neglected. 
Any ordinary boiler will serve. But a very serious economy in boiler 
cost may be secured by the use of batteries, exactly to the extent, in 
fact, of the economy of the engines on a steady load. 

English tramways show results agreeing with the approximations. 
I have put forward sufficiently closely for the figures to serve as a basis 
in estimating requirements. 

Мг. REGINALD WOOD (communicated) : I regret my inability to be 
present at the reading of Mr. Hightield’s paper. This beginning of the 
attempt to use accumulators in a scientific manner is very welcome. 

It will probably be undisputed that in many large undertakings the 
rate of generation should be constant over long periods, say days, 
weeks, or months, and the excess of supply over demand should charge 
the accumulators in outlying districts, whilst the accumulators should 
discharge the excess of demand over supply. There will be transi- 
tionary states in most undertakings when this ideal is not the most 
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suitable method of working, but the ideal should be kept steadily in 
view. 

In large towns the greatest enemy of the accumulator is the foggy 
day, which would necessitate a high rate of discharge over eight or ten 
hours. | 

The author is to Бе congratulated оп his courage in providing the 
exciter. А source of constant pressure is often useful. Unfortunatelv 
in this case the object is not obtained, since the pressure of the exciter 
will be subject to slight variations. Тһе automatic arrangement is, as 
the author admits, susceptible of improvement. 

The lamination of the booster is a step in the right direction. 
Perhaps a condenser to shunt it might be made. 

Since the booster 15 to run continuously, it would appear that the 
number of cells should be line pressure divided by mean cell pressure, 


which latter is given as 1924. 2:15. This would decrease the size 


of the booster and its companion machine. 

It would be interesting if the author would explain why he is not 
troubled with sparking with a large armature current and a weak or no 
ficld. It has often been urged to the writer that the contrary would be 
the case in the absence of special preventive measures. 

Mr. E. HOLCOMBE HEWLETT (communicated): In reference to the 
keeping of the load on the generators in a traction station constant, an 
arrangement which I had made for the power-station of the Mount 
Morgan Gold Mining Company, and which was worked out for me by 
Messrs. Crompton and Co., appears somewhat less complicated than 
that described by Mr. Highfield. In this instance only one machine is 
used. The poles are laminated ; one magnet-limb is wound with a 
shunt energised directly from the bus bars of the switchboard, and the 
other with a series winding through which the whole, or a definite portion 
of the total output of the station passes. Тһе two windings are connected 
so as to oppose each other. Тһе armature is in series with the battery. 
The action is as follows : When the output exceeds the normal load of 
the generators at work the series winding preponderates, and helps the 
battery to discharge ; when the output is under the normal load ot the 
generator at work, the shunt-winding preponderates and the battery 
takes a charge. The action is perfectly automatic, and the pressure with 
rapidly varying loads is practically constant. By adjusting the resist- 
ance in the shunt-field of the booster, the point at which it reverses, can 
be altered within rather wide limits to suit the requirements of the 
battery. The generators are compound wound for constant potential. 
Where lighting has to be done from the same plant the use of shunt- 
wound machines with a small battery, such as is considered here and in 
the paper, is not desirable, as in case of a mishap to the booster, or a 
necessary battery cleaning, the lighting would be unsatisfactory. Тһе 
machine mentioned is, I believe, the first of its type, but I understand 
several others are now in usc. 

Мг. J. 5. HIGHFIELD, in reply, said : Mr. President and gentlemen, 
I am exceedingly gratified that so large a number of gentlemen inte- 
rested in this matter have given us so many practical details on the 
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subject, and I am glad to say that I have gained what I hoped from 
the discussion—a very greatly extended knowledge of battery working. 
I gather that Mr. Shoolbred considers that as the station grows larger, 
the use for the accumulators rapidly decreases. It is to that statement 
I object: it is against the principle that batteries are useful in small 
stations and not at all useful in large stations that I wished to direct the 
paper. I quite admit that with a large station one would always run 
three shifts under all conditions, but that batteries are of no use in 
large stations I cannot admit at all ; because although in a large station, 
through having a large number of units, or what I may call graded 
sinits, it is perfectly simple to keep the load on the running generators 
constant, at the same time there is thc difficulty that the load cannot be 
kept constant on the boilers and steam-pipes. Iam now speaking of 
lighting stations only, and it seems to me that it is equally important to 
keep the load on the boilers and steam-pipes constant as to keep the 
load on the generators constant, and it is for that reason that accumula- 
tors are required. One objection to accumulators has not been raised, 
but I think you will forgive me for mentioning it, namely, that generally 
raised as to certain towns—like Glasgow, for instance—which suffer or 
are benefited by heavy fogs in the winter ; it is objected that accumula- 
tors would be quite useless to tackle the all-day load that exists in such 
cases, because any reasonable size of battery could not give the output 
all day. Asa matter of fact you do not want it to do anything of the 
sort. In the text I gave a case of a station with four units and a battery 
equal to one of these units. If a fog comes on, although the load in the 
day is very much heavier than it would be without a fog, it does not 
come up to the top peak ; and as long as the accumulator is big enough 
to take that peak—that is to say, } to 3th of the top load, then the spare 
plant can be run at the top of the peak and the accumulator treated as 
spare plant, and if a breakdown occurs the accumulator is available. 
Of course nobody would try and discharge this accumulator on a load 
beginning at six o'clock in the morning and try to keep it on the whole 
day. Мг. Shoolbred also complained a little of my figures, and I 
believe Mr. Esson did the same thing. I am willing to admit that the 
arrangement of the figures has no law whatever, and I am much 
obliged to Mr. Esson for pointing out the relation there is between 
those figures; but it seems to me it only proves what I say in the first 
part of the paper, that the practice has been in relation to accumula- 
tors to start up with a very good and useful little battery, and to use it 
in a perfectly proper way for perhaps twelve months. Perhaps it is 
used to work the night shift; then it becomes a little too small for the 
night shift, but the men are not going to say so, till the battery is ruined 
by over-work ; then they say the accumulators are no use, and exten- 
sions to the plant simply consist in putting down morc generators, and 
the accumulators are left alone. I was very interested to hear that Mr. 
Patchell has found the same benefit from the use of boosters that I 
have found in connection with a lighting-load, and it is very satisfactory 
to hear that the efficiency is also at least as high as I have given it, and 
that in some cases he can get it even higher than that. А series-wound 
booster was proposed, I think, Бу Mr. Sayers, for the purpose of an 
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automatic reversible booster. А series-wound booster will only partially 
do the work, because these reversible boosters must take account of the 
variation in the battery pressure. Unless they do that іп an absolutely 
perfect wav thev are not perfect boosters. Мо series-wound booster 
can take anv account whatever of the variations in the battery pressure, 
which depend simply on inherent qualities of the battery, and do not 
depend on the current that comes out of it or goes into it ; they depend 
simply on its state of charge. It is also satisfactory to hear from Mr. 
Savers that. he has found great benefit from charging the lighting 
battery from the traction plant. That is one of the chief points I 
mentioned in the paper in using batteries with combined stations, that 
if regulating cells are not used, and а 460, 480, ог 500 volt three-wire 
system and a tramway svstem exist, two indentical batteries can be used 
for either lighting or traction, or in any way that is found useful, and 
thus а certain amount of energy сап be transferred from the traction 
units to the lighting load. The high efficiency of the battery as used 
on the traction load of course does not depend on the use of the 
reversible booster. The reversible booster simply enables the battery 
to be worked at the one-hour rate of discharge, or even at a greater 
rate, and to be charged automatically during ordinary running hours, 
but it does not have any effect at all on the efficiency. The higher 
efficiency obtained is certainly due to the fact that the charge takes 
place and the discharge immediately follows it, and then that discharge 
is followed by another charge. Тһе efficiency has nothing to do with 
the booster. Тһе efficiency I give of 81 per cent. does not include апу 
loss in the booster ; it is simply the battery efficiency, the watt-hours 
taken out of the battery and put into the battery. The whole efficiencv 
of working, I think, is quite fully given in the appendix. Professor 
Wilson has very kindly criticised this paper, and I am very much 
gratified that he has spoken on it, because I owe to him my early 
training in experimental work. Не has described a booster built by 
Siemens and Halske. I am afraid my paper gives the impression that 
there is but one automatic reversible booster, and that the one I have 
described. Naturally I think it is the best reversible booster, but that 
it is the only one I do not for a moment think, and Professor Wilson 
has explained to you this very interesting machine due to Siemens and 
Halske. That machine depends on the action of two windings, onc 
against the other, and the magnetising force in the booster fields simply 
depends on the difference between the ampere-turns of the two coils. 
It is thercfore necessary to have a very much greater weight of copper 
on such a machine than is required on a machine that does not depend 
on the differential principle, апа probably the reason why the exciter 
was added to that machine was because with the two coils on the 
booster fields the machine was very difficult and costly to build, owing 
to the grcat weight of copper required. 

As a matter of fact there are boosters known and made where the 
coils are placed, instead of on a separate exciter, on the booster fields 
themselves. Тһе reason, probably, that Siemens and Halske did not 
put those coils on the booster fields was, that it would have made the 
machine exceedingly cumbersome and that it was much better to put, 
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perhaps, eight times the amount of winding usually necessary оп а 
alittle machine than on a big one. That probably explains the use 
of the exciter in that particular machine. There is one very serious 
objection to the design of this machine, namely, that one of the coils, 
the fine-wire coil, is excited from the battery pressure, and when the 
batterv pressure is high that coil will have a greater power than when 
the battery pressure is low. To some extent it takes account of the 
variation of the battery pressure which, as 1 think | said, these boosters 
must do, but it does not take account of the full variation, The ditterential 
action depends on the coil connected with the battery, and also on the 
second coil through which the whole or a part of the line current 
flows. Ina small station it is a verv frequent occurrence for the whole 
current on the line to go off, for the load to fall to zero, and it is verv 
common indeed, even in stations of moderate size, for the current to 
vary between very large limits. When the current goes right otf, the 
boost immediatelv rises to the maximum, because the differential action 
is done awav with and then the boost depends on the action of the one 
coil only ; the result is to force a tremendously heavy current into the 
cells, which usually will cause damage. И it is only required to work 
between small limits, say with a load that varies from 500 to 700 
amperes, such a booster would be fairly satisfactory ; but if it is required 
to work from zero up to anv maximum, then such a booster would want 
watching at least at all times when the cells were nearly charged, 
or the rate of charge would be too high. Colonel Crompton has sug- 
gested that this booster is not novel, and that a booster of similar 
pattern was patented in America some vears ago. I can only sav, 
if that 1$ so, that this is another case of injustice from the United States, 
because І have also been granted a patent in that country for the 
machine described, It is satisfactory to me that Colonel Crompton 
corroborates my figures from his very extensive experience of accumu- 
lators. I referred in the paper, and I made rather а point of it, to 
curve 18, connecting cost of working with load factor. I looked up 
а good many papers on the question and, as I explained, I came across 
the first figures on the subject vesterday that їп апу way corroborated 
this curve. I am very pleased, therefore, to have the further inform- 
ation on the subject. from Mr. Esson, which I shall embodv in the 
form of a curve to compare with that shown in Fig. 18. I do not know 
whether it interests anybody here, but that curve is very nearly а 
hyperbolic curve. 
(Added Fuly 8, 1901.) 

Iu the brief remarks made above, I have not done justice їо Mr. 
Shoolbred's interesting contribution to the discussion. It would appear 
that Mr. Shoolbred considers that a batterv is a necessitv in anv direct- 
current station, however large, to serve chiefly as a means of regulating 
the station pressure; althongh asa store of energy, it is not bv any means 
so necessary or useful as in a small station. 1 think, however, that even 
with existing storage batteries, which are not nearlv so satisfactorv as 
thev might be, that their use as a store of energv is of immense con- 
venience and economical utility in connection with anv station, however 
large. 
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There appears to be some fear in the minds of several speakers that 
the reversible booster is an additionable complication in the station ; 
this is by no means the case. It is only necessary to see a battery 
arranged for control by a reversible booster, to be convinced of its 
great superiority over any other system of regulating ; further than 
that, on a battery of any size the cost of the reversible booster with its 
switchgear is very much less than the cost of the regulating cells and 
their leads and switches. As a matter of fact, even with regulating 
cells, it is necessary to use a booster of some sort, or else to use a 
special dynamo for charging, and if the cost of the special dynamo or 
booster is taken into account, the whole arrangement with regulating 
cells will be found to be two or three times more costly than the 
arrangement with the reversible booster, besides being very much 
more complicated. These remarks apply only to batteries used for 
lighting work. 

With a battery used for tramway work, regulating cells are an 
impossibility, and then it becomes a question of connecting the 
battery in simple parallel on the line, or using a reversible booster. 
In the first case a battery cannot be worked except at low rates of 
discharge, owing to the variation in pressure, and it cannot be worked 
with compounded generators, and further than that, it cannot be 
charged in the ordinary working hours; a booster of sorts will also 
be required to charge it up at some time. With the reversible booster, 
the battery will charge itself automatically at any time during working 
hours. The battery will work at any discharge up to its one-hour rate, 
and the difference in cost of the special reversible booster and an 
ordinary booster is very much less than the difference between two 
batteries, one working at the one-hour rate, and the other working at the 
three-hour or four-hour rate. The booster, once it is started, requires 
absolutely no attention, and involves no complication ; the switchgear 
in connection with the booster and battery is quite as simple to operate 
as the switchgear required for paralleling compound generators. Іп 
fact, as Mr. Trotter neatly puts it, the booster does all the thinking. 

Mr. Trotter pointed out that the amperes per car shown in Figs. 
II and 12 are only about 12. The cars used, in St. Helens 
are chiefly. large double-decked, double-bogie cars, seated for 70 
passengers. The mean number of units used per car-mile, taken over 
a period of seven months, is 0'96, which gives Ig amperes рег саг. In 
Fig. 11 the generator was running at top load, and the mean current on 
the generator was not quite sufficient to keep the battery up to the 
mark—in fact, the battery was discharging. Тһе same thing occurs in 
Fig. 12, where the batterv is again discharging more than it charges. 

The working of the station is always arranged so that the load on 
the boilers is kept as nearly constant as possible, so that when the heavy 
lighting peak is on, the traction battery is allowed to discharge con- 
siderably ; therefore at such times the load on the engine is not really 
the mean load required to keep the line running. At other times, the 
load on the engine is considerably greater than that required to keep 
the line running, so that the batteries at the end of the day are fully 
charged. 
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With regard to Mr. Esson's interesting remarks as to the connection 
between load factor and cost per unit, the accompanying curve A is 
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plotted from the figures he gives; В is the curve shown in my figure . 


I8, which I have put alongside Mr. Esson's curve for comparison. И 
appears to me that the curve will differ for different plants ; that is to 
sav, (һе greater the number of units into which the whole plant is 
divided, the greater will be the length of steam-pipes, апа, generally 
speaking, the greater will be the stand-by losses, and therefore the 
greater will be the value of a in Mr. Esson's formula. It is not suff- 
cient to consider only the load on the engine, as although the engine 
itself may be making excellent use of the steam supplied to it, the 
steam-pipes may be wasting an enormous amount of steam supplied to 
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them from the boiler, and the boiler also might be working inefficiently, 
and it is the relation between the whole cost of operating and the load 
factor that I wish to get at. It would appear, however, that with a very 
small load factor it is much more important to cut down the number of 
units into which the plant is divided, and hence the length of steam- 
pipes, than when the load factor is a better one. 

Mr. Booth, in his communication, suggests that the fuel consumption 
varies inversely as the load factor. Since the fuel is really the largest 
item affecting the cost per unit, Mr. Booth's curve connecting load 
factor and cost would be a straight line. From the result of experi- 
ments, I am inclined to think that this is not correct, and that whatever 
the result be, the decrease in cost is most rapid as the load factor 
improves from a very small value to a higher one, but that after the 
load factor reaches 60 per cent., the reduction in cost per unit as it is 
further increased is but small. It is pleasing to find Mr. Booth entirely 
at one with those who consider a battery to be almost a necessity in 
small power-stations. 

Mr. Wood suggests a formula for determining the number of cells 
for traction purposes. It is not very material whether 240 or 250 cells 


Mr. 
Highfield. 


The 
President, 


1096 ELECTIONS. [ May 9th, 


be used. There is an advantage in using the smaller number, because 
if the booster should break down, the battery will always be sufficiently 
charged ; whereas with the greater number it would probablv be never 


. charged properly till the booster is repaired. It is this sort of treat- 


ment that so quickly spoils a battery. 

In designing a battery for lighting work, it is generally most con- 
venient to take the number of cells which will supply the all-night load 
at the required pressure without any regulating. Generally speaking. 
if the battery is figured on the basis of two volts per cell, with a small 
margin allowed, it will be exactly suited for its work. When batteries 
are to be designed for a combined station, it is best to decide on the 
number required for a lighting battery for any pressure between 460 
(or even 440 volts) and 500 volts, and to work out the battery for the 
traction load of exactly the same size and with the same number of 
cells. 

Mr. Wood seems to doubt that the automatic control of the booster 
by the exciter is sufficiently accurate. By the use of compound wind- 
ings I have found no difficulty in controlling the pressure within two or 
three per cent. limits, which is close enough for all practical work. I 
think the recorder curves, Figs. 15, 16, and 17, show that even with an 
uncorrected booster very good results can be obtained. 

Mr. Hewlett’s description of battery plant is most interesting. 
Batteries usually have such very rough handling in works that I have 
always rather hesitated about using them, although an immense saving 
in the cost of power can be made in most instances. The booster 
described by Mr. Hewlett appears to be somewhat similar to that 
described by Professor Wilson, the only difference being, apparently, 
that the shunt-winding is connected to the bus-bars, whereas in the 
other case it is connected to the battery terminals. 

I have now completed the accounts for the past year’s working at 
my station, and I have been interested to find that the cost per unit 
sold for coal is 0'354. with Lancashire thro’ and thro’ at 12s. 6d. per 
ton. Тһе previous year the cost per unit was o°39d. with fuel at an average 
price of 85, 6d. per ton; slack at 7s. was used for five months, for the 
remainder of the year slack at 7s. and thro’ and thro’ at ros. were 
used. The battery plant having only been in operation eight months 
out of the vear, I hope for still better results this year. 

In conclusion, I should express a hope that from so many engineers 
speaking as to the advantages of batteries, that the battery makers will 
set to with even greater energy than they have hitherto used to turn out 
a still more reliable battery than they make at present, and one which 
shall be less expensive and have a longer life. 

The PRESIDENT: I will ask you to give a vote of thanks to Mr. 
Highfield for his excellent paper. 

The vote was carried by acclamation. 


The PRESIDENT announced that the scrutineers reported the follow- 
ing candidates to have been duly elected :— 
Members. 
Arnold Lupton. | Gustavus J. Melms. 
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Associate Members. 


Llewellyn Burbank Codd. Michael Culligan, 
William Cotsworth. Ernest Slater. 


А оста les, 


John Anderson. Ernest Wilfrid Lawson Harrison 
Ralph Melville Archer. | Charles Isaac. 

William Moore Bell. | Frederick Wilberforce 

Henry Edmund Brain. | Thompson. 

P. R. Friedlaender. | Gavin Knox Walker. 


Students, 
Harold C. Gunson. ’ Alexander Richard Newman. 
George Frederic Hovland. Edward John Otlev. 
Robert Livingstone. Alfred Raworth. 
Thomas Benjamin Lowman Walter Chtheron Smith. 


Newstead. Albert Williams. 
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MANCHESTER LOCAL SECTION. 
Paper read at Meeling of Section, Feb. 26th, 1901. 


ON THE USE OF STORAGE BATTERIES IN CON- 
NECTION WITH ELECTRIC TRAMWAYS. 


Ву С. A. GRINDLE, M.I.E.E. 


The excitement that attended the introduction of the 
storage battery to the public in a practical form, some 
twenty years ago, is doubtless well within the memory of 
many of those present this evening. To those to whom it 
is not, it would be a lengthy and almost impossible task to 
even attempt to describe the enthusiasm with which it was 
hailed, or to recount the marvellous predictions of the 
wonders it was destined to effect. 

The oft-repeated story of the wonderful box with the 
millions of foot-pounds of energy in it, and its celebrated 
journey from London to Glasgow, first heralded forth to 
the world through the columns of The Times, is now ancient 
history ; but at the time when everything was electrical 
mad, it was just the incentive wanted to cause imagination 
to run riot. 

A glance at the Patent records of those days, when 
provisional patents were published, is a most amusing 
means of verifying the fantastic ideas that prevailed as to 
what or for what a storage battery was or ought to be. 
. As can very naturally be supposed, it was eagerly seized 
upon as the great solution of all the difficulties which beset 
electric traction, in which practically nothing so far had 
then been done, mainly owing to the difficulty of getting 
the power to the car, in those days the trolley system 
being undreamt of. 

With the perfected accumulator, as it then posed to be, 
all these difficulties vanished in the eyes of the enthusiasts, 
and the hopeless attempts to solve the difficulty by means 
of Bunsen and other types of primary cells were forgotten. 

АП these hopes, however, were doomed to disappoint- 
ment, and for upwards of ten years no practical result of 
the storage battery marks the pages of the early history of 
electric traction. 
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During that period, from time to time spasmodic efforts 
were made to introduce storage battery traction on different 
lines, but with very indifferent success. Every new accumu- 
lator that came to light—and their name in those days, as 
now, was legion—was duly announced as being the cell 
that was to solve the electric traction question ; but never- 
theless the problem remained unsolved, and up to the 
present time (in Great Britain at any rate) no practical 
demonstration has taken place that can be deemed an 
unqualified success. 

It is not my intention in the present paper to discuss 
this particular problem of the application of storage batteries 
to electric traction, and I purpose only making a passing 
reference to it. 

The problem is an extremely intricate one, and one 
which I regret to say I feel absolutely convinced has never 
had the attention paid to it that its importance merits. 
The cocksureness with which it was first looked upon as 
a certainty undoubtedly seriously militated against its 
success, or, more properly speaking, perfect development. 
If a line was a failure by any other system—by reason of 
its nature, the amount of its traffic, or by any other cause 
whatever—it was promptly offered to the first storage battery 
advocate that came along, who promptly started іп with the 
idea that it was simply the storage battery that was required 
to be the salvation of the line, no attention whatever being 
paid as to whether there was the capability in the line itself 
being a paying concern, or as to the mechanical equipment 
involved. 

The most serious attempt made in Great Britain so far 
has been that made at Birmingham commencing in the 
year 1800, but here the result has been, owing entirely to 
the nature of the equipment and the capacity of the line, 
anything but а success. Up to 1894 the losses on the line 
were attributed to the cost of up-keep of the batteries. At 
that date, however, with the view of ascertaining the true 
facts of the case the supply of batteries was undertaken on 
a definite figure per mile. Since that date unfortunately 
and significantly no data of running costs has been forth- 
coming, but batteries have been supplied and car miles run 
to the extent of over 1,100,000 miles, and from the accumu- 
lator view of cost, with highly satisfactory results. With 


1100 GRINDLE: STORAGE BATTERIES [ Manchester, 


accurately kept figures on an aggregate mileage of this 
amount something more than theoretical calculations сап 
be obtained, and the result 1s such as to firmly convince me 
that in spite of its failures hitherto there is а very great 
future before this method of traction. Its adoption at the 
present moment in New York on Thirty-fourth Street is 
attracting. considerable attention. The closest attention is 
there being paid to details, and in view of the extended 
experience available as to mechanical equipment and its 
problems, the system will most probably at last have an 
effective opportunity of demonstrating its capabilities. Ав 
with the trolley system, America promises to demonstrate to 
this country the value of the storage system, and how to 
operate it. 

To revert, however, to the early eighties and the progress 
of other systems of traction, іп Great Britain the usual 
result which seems by fate to attach itself to all new ideas 
ran its course, namely, a laudable effort, and then a long 
tedious period of inactivity. 

The first serious attempt at electric traction was made at 
Portrush in Ireland, when in 1882 a line was equipped on 
the third-rail system some six miles in length, running from 
Portrush to Bushmills, and some years later this was 
followed by a second line in Ireland, on somewhat similar 
lines, running between Bessbrook and Newry, with both of 
which your chairman for the present year was closely 
identified, and in the case of the second one, was actually 
responsible for. In the meantime abroad, far more particu- 
larly in America, matters had been marching steadily 
onwards. The third-rail system, as adopted on the two 
lines just mentioned, was experimented with on several 
lines, but after having been given a careful trial, was found 
to be wanting, at any rate іп its capacity to meet the 
demands of American practice ; and somewhere about the 
year 1884 the idea was conceived—by whom actually I 
believe some doubt exists, the idea having been claimed 
and attributed to several—of stringing the conductor over- 
head from pole to pole, and obtaining the power from it by 
means of a collector. It is an interesting fact that a similar 
method of collecting power was adopted in the same year 
on the Bessbrook and Newry Tramway, where at wide road 
crossings the third rail was interrupted, and the current 
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accurately kept figures on an aggregate mileage of this 
amount something more than theoretical calculations can 
be obtained, and the result is such as to firmly convince me 
that in spite of its failures hitherto there is а very great 
future before this method of traction. Its adoption at the 
present moment in New York on Thirty-fourth Street is 
attracting considerable attention. Тһе closest attention is 
there being paid to details, and in view of the extended 
experience available as {о mechanical equipment and its 
problems, the system will most probably at last have an 
effective opportunity of demonstrating its capabilities. As 
with the trolley system, America promises to demonstrate to 
this country the value of the storage system, and how to 
operate it. 

To revert, however, to the early eighties and the progress 
of other systems of traction, in Great Britain the usual 
result which seems by fate to attach itself to all new ideas 
ran its course, namely, a laudable effort, and then a long 
tedious period of inactivity. 

The first serious attempt at electric traction was made at 
Portrush in Ireland, when in 1882 a line was equipped on 
the third-rail system some six miles in length, running from 
Portrush to Bushmills, and some years later this was 
followed by a second line in Ireland, on somewhat similar 
lines, running between Bessbrook and Newry, with both of 
which your chairman for the present year was closely 
identified, and in the case of the second one, was actually 
responsible for. In the meantime abroad, far more particu- 
larly in America, matters had been marching steadily 
onwards. The third-rail system, as adopted on the two 
lines just mentioned, was experimented with on several 
lines, but after having been given a careful trial, was found 
to be wanting, at any rate in its capacity to meet the 
demands of American practice ; and somewhere about the 
year 1884 the idea was conceived—by whom actually I 

believe some doubt exists, the idea having been claimed 
and attributed to several—of stringing the conductor over- 
head from pole to pole, and obtaining the power from it by 
means of a collector. It is an interesting fact that a similar 
method of collecting power was adopted in the same year 
on the Bessbrook and Newry Tramway, where at wide road 
crossings the third rail was interrupted, and the current 
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collected from a suspended overhead wire. In none of 
these schemes, however, was a storage battery utilised, and 
it was not until ten years later, or 1894, that the first recorded 
instance of its employment occurs. In that year, two tram- 
way systems came into operation on both of which batteries 
were adopted, one being the Douglas & Laxey Tramway, in 
the Isle of Man, the design and equipment of which again 
your chairman was responsible for; the other case the 
Zurich Electric Tramways. 

As to on which system it was first contemplated to 
employ accumulators it is impossible to say, or whether 
the designer of either scheme was aware what the other 
was doing or contemplating. It is possible that the idea 
of employing batteries was arrived at in both schemes 
entirely independently. At any rate the object and method 
of employing them was entirely different. 

In the first instance the battery was employed at an 
outlying substation situated somewhere about midway 
between the terminal points of the line. The battery in 
this instance was operated by means of a special feeder 
from the generating station at Douglas, the charging being 
effected by means of an ordinary motor generator installed 
in the battery-house. The function of the battery was to 
assist the line load, which at the point of the line where the 
battery was installed was of an exceptionally heavy nature 
at times, generally to assist in maintaining the line potential 
at or about the centre of the system, and to obviate the 
necessity of sending the maximum amount of current 
demanded over the long feeders from the power-house. 
Variations of the battery potential were compensated for 
by a portion of the battery being employed as regulating 
cells, the regulation being effected by hand. 

In the second instance the battery was- installed at the 
power-station, the principal functions of the battery being 
to equalise the load on the generators, allowing а much 
smaller power plant to effect the operation of the line. 
The battery in this case was charged by means of an 
auxiliary generator in conjunction with the main generator, 
and the regulation effected by means of regulating cells cut 
in or out as necessary by means of an automatic switching 
arrangement. 

These two first instances of the adoption of batteries to 
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traction working, though neither of them can, when com- 
pared with recent practice, be considered as ideal methods 
of employment, nevertheless are distinctly interesting in 
view of subsequent development, апа have gone far to 
demonstrate the 


NECESSITY FOR A STORAGE BATTERY. 


One has only to take a glance at the load curve of any 
traction system to see the necessity and call for the employ- 
ment of a storage battery. The usual load curve reminds 
one of nothing so much as an attenuated mountain range, 
with one moment lofty peaks ranging skywards, and the 
next moment low-lying passes down at times to “ sea-level.” 

The load curves that you have in your hands will very 
clearly show this, and though the wide ranges may tend to 
decrease in number on large systems, the liability to their 
occurrence still exists and has to be provided for. 

Nothing more detrimental to a generating plant can well 
be imagined, the violent stresses between full and no load 
occurring so suddenly, and often consecutively following 
on each other. The necessity also arises when it is 
desirable іо maintain. the voltage as nearly as possible 
constant. No matter to how fine a point the governing 
of the engine is carried, it is impossible for it to respond 
with anything like the rapidity with which the variations in 
the load take place. Тһе most perfect mechanical governor 
has a distinct time-factor as compared with that of switch- 
ing on a motor, nor can even a generator itself respond so 
quickly, with the result that the voltage of the line rises and 
falls. 

Diagram No. 1 shows an interesting example of the 
difference of the load on the generator obtained on the 
same line before and after the installation of a battery under 
precisely similar conditions. Diagram No. 2 shows the 
results obtained in the variation of the voltage. Тһе upper 
curve in each diagram giving the result before, the lower 
after the employment of the battery ; the upper curve and 
lower curves in No. 2 show the results upon the voltage 
before and after respectively. 

The variation in the load you will note оп Diagram 
No. 1 before the introduction of the battery was as high as 

VOL. XXX. 12 
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720 amperes, while subsequent to the employment of the 
battery it amounts to 50 amperes only. 

These curves, however, must not be taken as in any way 
approaching what can be effected with a battery. Іп this 
instance the battery was installed without any boosting or 
special compensating arrangements. In conjunction with 
a suitable booster there would be at the least as much 
improvement again. The results to be obtained by employ- 
ing a suitably designed booster will show as great an 
improvement over the results obtained by the employment 
of a battery, as the employment of a battery shows over 
working without. 

A battery is further a distinct necessity where it is 
desirable to centralise as much as possible the operating 
plant, as is nearly always the case, and often save an 
additional station with its attendant staff. 

A battery is an absolute necessity where the available 
power is limited to little more than the mean day load, as 15 
often the case where water power is employed—and in 
many instances small falls of water which by themselves 
would be quite inadequate to successfully operate a small 
line, with the assistance of a battery can do so easily. 

Admitting, therefore, the necessity for a battery, we will 
next consider 


THE ADVANTAGES TO BE OBTAINED 


by the inclusion of a battery on the power system. 

The first апа undoubtedly foremost advantage to be 
gained by a reliable battery, properly installed and dulv 
proportioned for the work it has to effect, is the simplifica- 
tion of the question of generation of energy, resolving this 
from being one of a constantly varying nature, varying from 
nothing to several times its mean, to the one simple question 
of generating an even, steady, and predetermined load. By 
enabling the prime motor to be run constantly at an even 
load, it naturally follows that this load can be arranged to 
be the most economical one for the motor employed, 
which will result in an enormous economy over what could 
be obtained by employing a prime motor, which would of 
necessity have to be at least three times its size, in order to 
enable it to cope with the maximum demand, which may 
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from time to time be thrown upon it. In fact it is almost 
impossible to conceive an engine being run under more 
disadvantageous conditions than those which obtained in 
the production of energy for an average railway system 
where no battery is employed. 

This advantage is best evidenced by the coal bill. The 
pounds of coal per horse-power hour on electric traction 
systems is, I think it will generally be admitted, beyond all 
reason, in many instances ranging up to то lbs. and even 
more—by the employment of a storage battery there 15 not 
the slightest reason why this should not be reduced down 
to the best engine practice, namely, from 2 to 243 lbs. 

An advantage, and an important one from a point of 
cost, is the reduction of the engine-room hours. In this 
country few, if any, tramways run the full 24 hours, but 
where they do (and it is as well to bear in mind that there 
is a growing tendency towards its adoption) what may be 
termed the * night-load ” is of the smallest nature; this 
load can be taken entirely by the battery. 

Apart from the question of where a 24-hour system is in 
force and where the current English practice has only to be 
provided for, the employment of a storage battery enables 
a considerable reduction of hours to be made in the dailv 
work, and will in most instances easily bring the running of 
the station within the limits of two shifts, leaving the early 
and the late cars to be both operated entirely off the batterv. 
In an average station this should mean at least a saving of 
rom £150 to {200 per annum. 

It is a distinct advantage in the saving of wear and tear 
of machinery, not only in the power plant, but also the 
cars ; the sudden and violent variations of voltage, which 
must of necessity continuously occur where no battery 15 
used, throw a large amount of unnecessary strain on the 
running motors, which is much modified, if not entirely 
eliminated, when a battery is employed. A distinct advantage 
is shown in the running of the cars; better time can be 
kept and more even running. Тһе car lighting will be 
steadier, and the destruction of lamps decreased. Ап 
important advantage is the safeguard it effects against 
accidents, more particularly fly-wheel accidents and break- 
ing of belts in cases where the latter are employed, as in the 
event of a “short” or sudden overload on the line, the 
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extra demand of current will be immediately taken by 
the battery and not by the generator. Should the “short ” 
be sufficiently great to throw out the circuit-breaker, there 
will still be no variation on the generator load, the battery 
absorbing it all ; while when the circuit-breaker is closed 
again, even though the cause of throwing it out may have 
been removed, there is almost certain to be an abnormal 
demand on the line for current, due to the almost 
simultaneous re-starting of the cars. АП this will be 
immediately taken by the battery, without any abnormal 
load whatever being thrown upon the engine. Іп fact the 
investment in a battery may be looked upon as a very 
excellent form of machinery insurance. 

In cases were belts are used for driving, experience has 
shown that where a battery is not employed, a severe shock 
will almost invariably break the belt before releasing the 
cut-out. While, where a battery 18 іп operation, the circuit- 
breaker will invariably operate first, saving the belt. 

Another advantage, and one of considerable importance, 
is that the battery will often carry through where, without 
one, a stoppage would be absolutely inevitable. 1 do not 
say that every accident which has caused the stoppage of 
an electric line might have been prevented by the employ- 
ment of a battery : but a vast number of stoppages which 
have occurred have been due in many instances to mere 
trifles, and would never have taken place. The advantage 
of being able at any time to shut down an engine for 
a few minutes, I venture to think, will be universally 
acknowledged. 

A very strong factor amongst the advantages of employ- 
ing batteries on traction systems 15 the facilities they afford 
when, as is often the case, extensions or increased car 
service become imperative. Ву the installation of batteries 
at the extremities of existing lines extensions become 
feasible without any interference whatever with the existing 
arrangements and consequent expense—in many cases 
saving the necessity for additional power-substations, 
which, unless the extensions are very great, must work 
under most disadvantageous conditions. 

Having admitted the necessity and the advantage of 
employing a battery, there yet remains one great factor 
to be consulted, and one which in the present day there 
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IS a very lamentable tendency to unduly exalt, and at the 
shrine of which many a good scheme and many a good 
job have been unfortunately sacrificed. It is 


THE QUESTION OF COST. 


There are two things that require to be carefully 
avoided—first, schemes that cannot possibly pay И pro- 
perly carried out; second, lavish expenditure that cannot 
be recouped. 

Eliminating these from our consideration, and provided 
that no cheeseparing policy is adopted of endeavouring to 
make one pound's worth do the work of two, or, in other 
words, it being ensured that an adequate battery will be 
properly installed and equipped, as to whether or no the 
necessary outlay which must be incurred to include such 
a battery on a traction system is justified there are no two 
questions, as there is not the slightest doubt whatever that 
it is the means of a material saving both.in the prime 
outlay on operating plant and the subsequent cost of 
operation of same. 


SAVING IN OPERATING PLANT. 


The judicious and adequate employment of accumu- 
lators will very materially reduce the amount in construc- 
tion cost of a generating plant—that is to say, the boilers, 
engines, and the generators at the power-station—and also 
in consequence the cost of station buildings. 

If we take a typical load curve of a power-station 
operating an average-sized tramway system in this country, 
it will be found that the mean load throughout the day 
approximates very closely to one-third of what mav be 
termed the peak load or line, eliminating from the calcu- 
lation the abnormal peaks, which would occasionally occur. 
To meet this load fairly and effectively the plant must, if a 
battery is not employed, be capable of generating the peak 
line, or, in other words, three times the mean day load, with 
the consequent result that, taking the day through, the plant 
is only loaded to one-third its capacity—a very uneconomical 
state of affairs, which will not by any means be improved 
by the varying nature of the load. 

Diagram No. ro is an interesting example of this, 


1901.1 AND ELECTRIC TRAMWAYS. 1111 


_ аа 


DIAGRAM 6,—Showing General Arrangement of Reversible or Differential 
Booster. 
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showing, so far as the upper or *load on line" curve is 
concerned, even a more aggravated state of conditions. 
The generator in this case is steadily doing the mean day 
load, and the battery is dealing with everything above. 
These readings were taken every five seconds for a period 
of five minutes at the time of heavy load at seven o'clock 
on a September evening. The load variation, you will 
notice, ranges from r5 to 250 amperes, and that as a matter 
of fact no part of this extreme variation came upon the 
generator, the generator output actually falling at the 
moments of heavy load. 

Let us for a moment compare the cost of two plants, 
one operating without and one with a battery, taking for 
instance a system calling for a mean load of 150 kilowatts, 
representing а  moderate-sized system of some twenty 
running cars. 

Under the typical conditions mentioned above, the 
maximum load which may from time to time be demanded 
will rise as high as 450 kilowatts. То deal with this, there- 
fore, in the first instance it will be necessary to instal a 
plant capable of generating this output, or no less than 
300 kilowatts, over and above the mean load, and on taking 
the cost of a complete installed plant at £30 per kilowatt, 
which I think will be admitted to be a fair and reasonable 
hgure, this means no less than {9,000 in surplus plant over 
and above the £44,000 to £5,000 plant which must of 
necessity be employed to deal with the mean load. 

In the second instance, by employing a battery to deal 
with the demand over and above the mean load, it will 
require that there should be installed a battery capable of 
delivering as a maximum 300 kilowatts. The cost of a 
battery to comply with these conditions would approximate 
somewhere about £12 per kilowatt, including booster and 
switchboard arrangement, or an expenditure of £3,600 as 
and against the {£9,000 іп the first instance, or a clear 
saving in capital expenditure of approximately 45,400. 

In both the above instances no allowance has been 
made for spare plant; this must, of course, be provided 
in both cases, but the necessary amount will be consider- 
ably less in the case where the battery is employed. 

The above examples apply to the case in which the 
battery is installed at the power-house. Where the battery 
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or batteries are installed in substations their introduction 
will effect in addition a great saving in the cost of feeders, 
varying, of course, according to the existing conditions of 
the line, distance from power-house, and various other 
factors. Owing to the number of these factors and the 
wide variations that may exist іп them, it 1$ practically 
impossible to formulate any idea as to what may be effected 
in the way of saving, though a rough idea may be easily 
arrived at if we consider for a moment the work which is 
usually. performed on any traction system by a feeder. 
This, of course, must necessarily vary considerably in 
accordance with the traffc upon the line, but it is ex- 
tremely doubtful И the aggregate of a day's working 
amounts to more than ro per cent. of its full capacity. 
With a battery installed at a substation, the full carrying 
capacity of the feeder can be employed during the whole 
of the operating hours of the power-station. Ав an instance 
of the enormous saving that may at times be effected, the 
case of the Union Traction Company's system at Phila- 
delphia is а marked instance. Тһе extension of this line 
was found to be necessary, and the service practically 
increased to double. It was found that it would be neces- 
sary either to build a new power-house or instala battery 
substation, as to attempt to augment the feeder system to 
the extent that would be demanded would necessitate such 
an enormous outlay for copper as to render it commercially 
impossible. The most carefully made calculations proved 
that the cost of copper alone would amount to from four to 
five times, excluding the cost of laying, the total cost of 
battery installation necessary to fully meet all the require- 
ments, while the question of an additional power-house 
was found to be absolutely out of the question on account 
of the heavy operating expenses which would necessarily 
be incurred, apart from the fact that the capital cost of the 
battery-station was considerably less than 50 per cent. of 
the estimated cost of the power-station. These figures are 
sufficient to show how on the question of cost alone on 
the first outlay а battery is ап undoubted saving. 


THE SAVING TO BE MADE IN THE COST OF OPERATION 


is self-evident, the high-load factor on the engine ensuring 
the highest economy in the cost of production of energy, 
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and if it is possible to reduce, as before mentioned, our 
coal consumption 75 per cent. almost on this score only 
the cost would be justified, apart from the saving in many 
instances of an entire shift and the decreased running hours 
of machinery. 

The question will naturally arise here as to what the 
battery losses will amount to on that portion of the load 
that is dealt with by the battery. These are very consider- 
ably less than are generally estimated to be the case. The 
actual result of four consecutive months' working of the 
plant from which the curves оп Diagrams Nos. 8 and о аге 
obtained show that out of 234,072 units generated, 8,240 
were absorbed by the booster, or 3:5 per cent, and the 
efficiency of used to generated units worked out to 01 
per cent. 

The next point to consider will be what 


RELATIVE PROPORTION THE BATTERY SHOULD BEAR TO 
THE STATION CAPACITY. 


To effectively instal a battery, this is a point requiring 
careful consideration, and will vary considerably under 
different existing conditions. As a general rule, it may 
be taken that the battery should be capable of dealing 
with from twice the mean load in the case of small stations 
to half the load at large stations; a very considerable 
range, it will be noted, due to the fact that with the 
increase іп number of running cars the relative variations 
of load will decrease, and also to a considerable extent by 
the size of generators employed in the case of large 
stations. No more definite rule сап well be formulated 
to deal with the question, each case requiring to be dealt 
with on its own merits. The question. will be further 
influenced to a considerable degree by the exact 


METHOD OF EMPLOYING THE BATTERY. 


There are several methods of employment, which may 
generally be divided into two main heads, namely :— 
(a) Where the battery 1s employed at the power-station. 
(b) Where the battery is employed at an outlying sub- 
station. 
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Each of these two main divisions сап be again. sub- 
divided into— 

First, where the battery is coupled as a whole across 

the mains or bus-bars ; 

Second, as the first, but with а portion of it employed 

as regulating cells; 

Third, where it is employed in conjunction with an 

ordinary booster; and 

Fourth, where it is used in conjunction with a dif- 

ferential or reversible booster. 

The function of the battery under these different condi- 
tions will vary considerably. 

Let us, in the first instance, take the case where a simple 
battery is installed at the power-station without any special 
apparatus for its control, its two extremities being coupled 
direct to the. bus-bars. Under these conditions a certain 
portion of the fluctuations of load must fall on the gene- 
rator, and а certain variation of voltage must be permissible 
at the bus-bars in order that the battery may take its propor- 
tion of the load. This is easily understood if we first 
consider a condition of no external load, have the battery 
standing at a potential of 500 volts, and the potential of the 
generator at 500 volts ; it is now very evident that the two 
will balance and nothing result. If, however, by adjust- 
ment of the governors of the engine, or by the field 
windings of the generator, we so arrange that the gene- 
rator potential shall rise, then, as can easily be followed, 
the generator will charge into the battery. Тһе load next 
comes on the line, which should be dealt with by the 
generator up to the point of its full output being reached, 
after which, should the load still continue to increase, the 
generator voltage should commence to drop, the battery 
voltage predominate, and the battery commence to dis- 
charge to line. As the load falls the reverse conditions 
will take place. This method of working must of neces- 
sity require a certain amount of voltage variation оп the 
bus-bars, and consequently on the line, and it also requires 
a very careful predetermination of the precise characteristic 
of the generator. Тһе results generally obtained cannot 
be deemed to be satisfactory, though greatly improving 
matters as compared with the case іп which no battery 
is employed, they are nevertheless far behind what can be 
obtained with other methods of employment. 
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This system has, it is to be regretted, been rather 
widely adopted not only at home, but also abroad, and 
the modicum of success obtained with it has, I am afraid, 
resulted in rather discouraging and disappointing those 
adopting it. 

Diagram No. 3 shows the general arrangement of a 
battery employed on this method, and Diagrams Nos. 4 
and тт the results obtained. 

From these will be noted the extremely small amount of 
work done by the battery and the wide range of machine 
load—in No. 4 the machine load varying no less than 
from 160 to 210 amperes, and the battery practically 
getting no charge at all, with the result that it would 
either have to be charged by special means during slack 
time or after running hours. Under these conditions the 
battery is of little real value, and is certainly working 
under very bad working conditions to itself. 

Diagram No. тт shows very much the same, the gene- 
rator practically following the load throughout, the battery 
being induced to assert itself very occasionally. These 
readings were taken soon after charge, and may therefore 
be assumed to be working under best conditions. Тһе 
voltage curve shows a variation of over 5o volts, which 
cannot be deemed satisfactory. 

The method of adoption at the substations, where the 
battery is simply placed across the mains, as shown in 
Diagram No. 5, is possibly the simplest adaptation, but the 
results are as equivalently unsatisfactory. Here everything 
does and must depend on the rise and fall of the line 
voltage. At times of heavy load the volts will go down 
and the battery discharges, while when the load 15 light 
the voltage rises and the battery charges. As can be easily 
gathered, the result cannot give satisfaction; nor is there 
any possible chance, within reasonable limits of variation 
of voltage, of the battery ever doing very much, the 
operation of the battery being entirely dependent on the 
variations of the line voltage, which must of necessity have 
a wide range to ensure any effectual work being got out of 
the battery. То be perfect, a storage battery should be 
without internal resistance, so that, however great the 
current passing through it, the fall or rise of volts across 
the terminals due to that current, whether charging or 
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discharging, should be negligible. Unfortunately no 
storage battery has been made which show these qualities, 
nor, l am sorry to say, does it appear likely there ever 
will be. 

In quite a number of cases that have come to my 
personal knowledge where batteries have been installed 
under these conditions, they simply lie little less than 
* dead" on the line. A recent instance I have in mind, 
where a battery which had been installed with adequate 
boosting arrangements at a power-station was, on being 
replaced at the power-station by a considerably larger 
battery, itself removed to an outlying substation, and 
employed there in this way pending arrangements for 
boosting. Тһе battery which has a one-hour discharge rate 
of 150 amperes, under its old methods of working fre- 
quently discharged up to 175 amperes and over, while 
under the new conditions it has never been known to 
exceed 40 amperes. Diagram No. 4 also demonstrates 
the same poor result. Тһе battery in this case has a 
one-hour discharge rate of 100 amperes, and it will be 
noticed that the highest point ever reached is only 9o, 
and that quite an exception. It is certainly not worth 
while installing a battery under these conditions if an 
effectual result is desired from it, and, further, the working 
conditions are distinctly detrimental to the battery. 

In the second method mentioned above, namely, the 
adoption of regulating cells, various attempts have been made 
from time to time to increase the effectiveness of batteries іп- 
stalled either at power-stations or at outlying substations, by 
employing a portion of them as regulating cells. Automatic 
apparatus for cutting cells in or out as the line potential 
falls or rises with variation of load, has in several instances 
been adopted ; the general result, however, has been a con- 
spicuous failure. The method is an extremely expensive 
one, particularly in the case of large batteries necessitating 
the use of a great number of costly regulating leads and 
expensive switch-gear to keep in order. It is almost 
impossible to charge the regulating cells correctly, and 
hence they deteriorate rapidly and become a constant 
source of trouble, the suddenness and rapidity of the 
current fluctuations being such as to make it impossible 
to follow them, at any rate by any automatic switches 
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that have so far been devised. И anything at all in this 
direction is to Бе accomplished, I am of opinion that 
it will be by means of some automatic and interlocking 
rocking apparatus with mercury contacts, but I am very 
much afraid that the strongest feature about it will be the 
pyrotechnic display which will in all likelihood accompany 
its operations. 

The third system, namely, the employment in conjunc- 
Поп with an ordinary booster, has met with a certain 
amount of success. 

In this method the battery is more usually employed as 
a store or reservoir of energy, the charging being effected 
for definite periods by means of the booster current being 
added to that of the line, or. more generally special feeder, 
and the battery discharged by being placed across the line, 
either with or without regulating cells, at times of very 
heavy load, when the generators are running, or when the 
load is as light as not to justify the generators being kept 
running. Under both these conditions a battery can often 
be employed with great advantage and material saving of 
running expenses, but the work generally is heavy on the 
battery, and very liable to abuse. Except to meet very 
special circumstances, this system has no special advantage 
to recommend it. 

The fourth method, namely, when employed in conjunc- 
tion with a differential or reversible booster, is undoubtedly, 
at any rate as far as our present knowledge is concerned, the 
correct and proper way of operating a battery on a traction 
system, irrespective of whether it is installed at the power- 
house or at an outlying station. Diagram No. 6 shows the 
general -arrangement of plant at a power-station. The 
arrangement may be thus shortly described :— 

In series with the battery is connected the booster, which 
is provided with a variable field. The field is automatically 
controlled by the battery pressure, and the booster pressure 
varies exactly as the battery pressure departs from the 
desired constant, so that the pressure across the terminals 
of the battery and booster combined is constant, the whole 
being perfectly automatic and controlled absolutely by the 
windings of the booster and the battery pressure. 

In the case of a battery and booster of this description 
employed on a traction system, or any system where the 
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load is of a rapidly varying character, the battery controlled 
by the booster serves to take charge of practically the whole 
variation, whether above or below the normal or mean load, 
so that the generator works at practically a steady constant 
load, the difference between the load and the mean, charging 
into the battery when the line load falls below the mean, 
and the battery discharging to line whenever the load 
exceeds the mean. The generator load will naturally be 
adjusted to be the mean load required to generate the total 
average output for the usual period of work. 

The general features of this arrangement which com- 
mend it as being of special value on a tramway system, may 
be summed up as follows :— 

The first cars run out in the morning, and under the 
precisely similar. conditions of energy supply can be 
worked entirely from the battery, thus obviating the 
necessity of starting up the power-station for a few early 
workmen cars some two or three hours before the general 
load comes on. During the day the battery will be inter- 
mittently charging and discharging, the output of the 
generator or generators being fixed at such an amount that 
at the predetermined time of shutting down the battery 
is fully charged. Should the battery be found not to be in 
its normal state of charge at shutting down, owing to any 
abnormal demand, the running time can be prolonged, or 
the loss compensated for, by slightly increasing the generator | 
output the next day ; vice versé, if the battery is overcharged, 
the output may be decreased. The power-station can be 
shut down on the heavy load falling off, the remaining late 
cars being run, as the early morning ones, off the battery 
only. Тһе advantages of working a plant under these 
conditions are self-evident. 

Working at full constant load, the greatest possible 
economy can be ensured, the actual running hours 
shortened, and the most uneconomical and unprofitable 
hours in every sense of the whole day's work avoided. Тһе 
minimum of plant running necessary for operating the load, 
wear and tear on the plant generally will be much less, the 
load on the generators being practically constant ; ordinary 
shunt-wound machines may be used, though the system 
works as perfectly with compound-wound machines. The 
switching-gear is of the simplest description, and is reduced 
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to a minimum, and the whole arrangement absolutely 
automatically controls itself. 

The general working conditions are most favourable to 
the life of the battery, the latter being kept constantly fully 
charged, and immediately charged after discharge. 

Diagrams Nos. 7, 8, and 9 give some highly interesting 
curves obtained under different conditions with а tramway 
system, in which a battery and booster of this description 
form part of the power-station equipment. The steady 
generator load is particularly noteworthy, also the range of 
the total load curve, the variations of which are taken 
almost entirely by the battery. 

Diagrams Nos. 8 and 9, further, are interesting examples 
of how a load on the same system may vary, due principally 
to conditions of traffic and weather, practically the same 
number of cars running in both cases, while the mean load 
differs widely. 

The actual recorder curves—which I regret to say I have 
not been able to get reproduced—show very clearly the 
result which can be obtained on a system equipped with 
a battery and booster. The two most interesting curves are 
the two bottom ones on each sheet, namely, those showing 
the battery voltage and the line voltage—the difference 
between the two is entirely due to the booster. Employing 
a battery without a booster, the battery voltage, and pro- 
bably rather worse, would represent the line voltage. Тһе 
different curves on each of these sheets were taken 
simultaneously. 

. The battery must, of course, be properly adapted for the 
work it has to perform. It must be capable of being 
charged at very high rates without injury, and of the 
minimum possible internal resistance, so as to ensure the 
least possible range of voltage. These conditions are best 
met with in plates of the Planté type, and with such the 
battery losses amount to but a small percentage of the 
total load. 

As can readily be understood, a great deal depends on 
the design and, construction of the booster necessary to 
properly carry out these functions. Up to quite recently 
the differential or reversible booster has been practically 
unknown, and those machines which did exist can scarcely 
be looked upon as being either highly effective or highly 
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efficient. The extended adoption of batteries in connection 
with power plants has, however, created a demand, and of 
late considerable attention has been paid to the construction 
of this type of machine, and various methods and arrange- 
ments have been designed to meet the necessary require- 
ment; in many instances the results have left very much 
to be desired, and in cases where the working may have been 
passable, the efficiency has been such as to preclude their 
being considered. There is very little doubt but that the 
most successful machine that has so far been introduced 1$ 
that for which Mr. J. S. Highfield is responsible. Ву this 
machine all the functions above mentioned are attained to 
a remarkable degree, and with the highest efficiency. The 
booster is a distinctly novel departure, in that it consists of 
three distinct machines, namely, a motor generator or 
booster and exciting controller, by means of which the 
unwieldy and waste windings, which have prevailed in all 
other machines, and which have seriously impaired their 
efficiency, have been avoided. 

The function of the third machine is to control the 
excitation of the booster, and runs in direct opposition to 
the battery current; by this means the requisite field 
reversals are obtained. 

Operating a traction or power system with a machine of 
this type practically results in the battery becoming, as it 
should do, 


THE REAL REGULATOR OF THE SYSTEM. 


The extent to which a battery should control or regulate 
a system is an interesting factor. Personally, I am of 
opinion that it should take the sole and entire charge and 
control of the whole, even to the extent of not excluding 
the engine—in other words the engine should be run with- 
out a governor on a constant steam pressure and constant 
valve admission. This will doubtless by many be considered 
to be a bold departure, but 1 am convinced myself that the 
best curves on the accompanying diagrams, or any hitherto 
obtained, might be still better under these circumstances, 
and that the small generator variations that do occur are 
due to the governor attempting to follow the load instead 
of leaving it entirely to the battery to compensate for, as 
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should be the case. The abolition of the governor on a 
power-station engine is the consummation of an ideal 
devoutly hoped for, but I am certain іп many instances, 
with a proper equipment of battery and booster it is 
perfectly feasible. 

In closing this paper, I must express my thanks for the 
kind assistance rendered. me, both by information. and 
curves, by Mr. McMahon, of Bispham, and Mr. Highfield, 
of St. Helens. 
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“TEST-ROOM METHODS OF ALTERNATE-CURRENT 
MEASUREMENT" AND "USE OF THE DIFFERENTIAL 
САГУАМОМЕТЕК.” 


FURTHER REPLIES TO REMARKS COMMUNICATED IN THE DISCUSSION 
ON THESE PAPERS 


By Mr. ALBERT CAMPBELL and Mr. C. W. S. CRAWLEY. 


Mr. A. CAMPBELL (added Fuly 3rd) : As Mr. Drysdale has amplified 
his original remarks and communicated a further criticism, I should 
like to add a few more words of reply to what he says. He is at great pains 
to calculate the maximum errors in the three-voltmeter method with a 
power-factor of o'r, but he does not notice that I never suggested that 
my modification of that method should be used directly for such low 
power-factors, which, І may remark, are somewhat exceptional in practice. 

In further answer to the question of the possible slowness of 
readings on a damped electrostatic voltmeter, I have found that at 
least four or five readings can be got in one minute, and I may mention 
that I have used a “switch over" method with perfect success on a 
very unsteady circuit from an alternator run by a gas-engine. With 
regard to wattmeters, I fully appreciate the admirable design of Mr. 
Drysdale's instrument, and I should be delighted to see it on the 
market at the price of an electrostatic voltmeter. I am much inter; 
ested also in Mr. Addenbrooke's beautifully sensitive instrument. But I 
think that Mr. Drysdale begs the whole question by assuming that a 
wattmeter which seems theoretically well designed will work correctly 
with low power-factors (and any wave-forms). Actual tests with 
alternating current under the most extreme working conditions seem 
to me absolutely essential. 

From Mr. Alexander Russell's interesting remarks upon my first 
Appendix, I fear I condensed that part of my paper a great deal too much. 
As Mr. Russell has really added an important corollary to my theorem, 
I will try to state the matter a little more definitely as follows :— 

THEOREM.—If two purely alternating uniform magnetic fields, А and 
B, of any wave-forms and equal effective values be inclined to one another 
al an angle п — $, where cos ф is their power-factor, then the effective 
value of the resultant (rotary) field will be constant in all directions in апу 
plane containing the directions of A and В. 

COROLLARY (Mr. Russell's)—14 is always possible to incline two 
alternating fields В and C to one another at such an angle ф that the 
effective voltage induced in а scarch-coil shall be constant for all positions 
inlo which the coil is turned around an axis perpendicular to the directions 
of B and C, provided that B and C each separately induce equal maximum 
effective voltages in the scarch-coil. 

It should be remarked that in general у is not equal to x — 9. 

It is the above theorem that I have applied to Dr. Arnó's phase- 
meter, in which the search-coil is connected with an electrodynamo- 
meter. Mr. Mather has pointed out to me that the current in the 
electrodynamometer would not necessarily be a proper measure of the 
field perpendicular to the search-coil. Тһе proper conditions can be 
secured, however, by making the time-constant of the search-coil 
circuit high (see Phil Mag., p. 271, Sept. 1896). 


USE OF THE DIFFERENTIAL САГУАМОМЕТЕК. 1129 


I am glad to find that Professor Callendar's experience corroborates 
mine as to the accuracy and value of thermal methods. I knew that 
he and others had employed hot-wire bridge methods of measurement, 
but I was not aware that he had also devised a thermal regulator 
similar to mine, and I understand that this is the first occasion on which 
he has published his method. 

As to Mr. Gillespie's remarks on Method 7, I may mention that I 
arranged that method specially for the Shallenberger Watt-hour 
Meters, and I believe they were the first commercial meters (in this 
country) that were systematically adjusted with inductive as well as 
non-inductive loads. 

Mr. C. W. S. CRAWLEY: Mr. Foster mentions a—to me—novel use 
of the differential galvanomceter, viz., аз a standard of capacity. Тһе 
idea is pretty and I hope to try it shortly. As he suggests, it would 
make a nice examination question, and there would probably be a lack 
of monotony about the answers. 

Had Mr. Fisher been present at the meeting he would have scen 
that I showed both a Kelvin and a d'Arsonval differential galvano- 
meter. For most work I prefer the Kelvin instrument. I know there 
is a scare just now about tramway disturbances, but I think it is a good 
deal exaggerated. Іп the Kelvin instrument I showed, the о ampere 
through т ohm that he mentions will give 45 divisions for a difference 
of oor per cent, so tramways must be very energetic to introduce a 
practical error or even appreciable inconvenience. In the d'Arsonval 
. form there is a little shift of zero, but not enough to prevent easy and 
accurate working. Тһе d'Arsonval is, of course, not so sensitive as thc 
Kelvin instrument. 

As to the merits of the two methods, I only took to the difterential 
galvanometer when I found the potentiometer wanting for a particular 
test; and, having once tried it, never used the potentiometer for low 
resistance work again. It was only then that I saw my way to having 
a potentiometer made without a slide-wire to get damaged ; for Mr. 
Fisher's “obvious remedy " to “ignore small boys and half-bricks " (I 
said wear and students—but no matter) does not appeal to me. I do 
not feel happy in ignoring possible scources of error or using any 
slide-wire for accurate work that I have not kept under lock and key. 

Mr. Fisher's summing up also appears open to criticism. Не says 
“іп the differential galvanometer method you are dependent on 
delicate apparatus and forces, in the potentiometer one you have only 
mechanical excellence to contend with." Now the “apparatus and 
forces"—the galvo апа E.M.F.s—are common to both methods and 
equally delicate in both cases. The potentiometer method requires in 
addition * mechanical excellence," ze, an expensive slide-wire board. 
The accuracy obtainable in the latter case being limited by that of the 
slide wire ; in the former solely by the knowledge of the value of the 
standards used. The figures he gives are quite satisfactory as far as 
they go—o' per cent.—but I should never have thought of suggesting 
that Mr. Fisher could not get right to that by potentiometer or any 
other method. 
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NEWCASTLE LOCAL SECTION. 


Abstract of Paper read at Meeting of Section, February 11th, 1901. 


NOTES ON WIRING RULES. 
By F. BROADBENT, Member. 


Hackneyed though the subject of Wiring Rules may be, 
there is still great need, in the interests of Standardisation, 
to emphasise the necessity of a uniform set of rules, satis- 
factory alike to the consumer, the contractor, the fire office, 
and the supply companies. 

From all sides the cry is raised: “ Standardise at all 
costs; let not wholesale scrapping deter you; standard- 
isation means repetition, and repetition. means cheap 
production ; heed not that repetition. begets tradesmen 
rather than professionals, slaves instead of free men." Апа 
there is some danger of standardisation being set us as a 
fetish, the effect of which will be to stifle invention and 
scientific research, and which, instead of hastening, will im- 
pede the march of progress. Мау the time be far distant 
when * wholesale scrapping" shall be looked upon asa 
virtue, or when the true spirit of progress and research shall 
be sacrificed upon the mean altar of a cast-iron standard. 

Between such a state of things and that in which there is 
absolutely no recognised standard, there exists a wide gulf, 
both extremes being equally unsatisfactory. Мо right- 
thinking man can or will deny that uniformity of general 
principles, that is to say, method, 1s absolutely essential for 
the successful and economic prosecution of any industry, 
and that Anarchy is just as fatal in the industrial as in 
the social sphere. 

Probably no industry in this kingdom was ever so 
hampered by rules and regulations as is the electrical 
industry at the present time, and the people who were 
loudest in their complaints as to the stringency of the 
original B.O.T. regulations, are, now that these restrictions 
have been somewhat removed, the worst offenders. Rules, 
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however stringent, can be tolerated if it be possible to work 
to them, for at most they but raise prices. It 15 the want of 
uniformity that is so exasperating and irritating. 

The Phoenix Fire Office, in 1882, issued а set of “ Rules 
for Electric Light Installations," and nearly every other fire 
office of importance has since issued rules of its own. The 
other companies appear to have made their rules as unlike 
the Phoenix set as possible, with the result that, when an 
electric installation has to be carried out in premises insured 
with two or three companies, it requires a very large amount 
of ingenuity on the part of the contractor to comply 
with the conflicting conditions. As though this were 
not enough for the contractors to bear, it has become 
the fashion now for every station engineer to invent a 
set of rules of his own, differing as much as possible from 
any other known rules, which, besides worrying the 
contractor, may deter many a householder from becoming 
a “consumer,” as he must naturally think electricity is 
very dangerous if it requires such an array of rules and 
regulations. Why station engineers issue rules which they 
cannot enforce is somewhat а puzzle. Glasgow and 
Manchester possess powers to enforce their rules, and 
other municipalities have been urged to seek similar powers. 
Let them not do so, by sandwiching an innocent-looking 
clause into a Workmen’s Dwelling Act, or the like, but, until 
some definite set of approved rules isagreed upon, let them 
do so in such a manner that manufacturers and contractors 
may oppose any proposal that would give unlimited power 
to station engineers to impose such harassing and iniquitous 
rules as some of those now existing. 

As already mentioned, the subject of the standardisation 
of wiring rules is no new one. In the beginning of 1899, 
three papers were read on the subject before a meeting 
of this Institution. The one by Mr. Pigg went very fully 
into the diversity in the requirements of the various rules 
then existing, but emphasised more particularly the 
variations touching the question of the insulation resistance 
of an installation. The paper by Mr. Wordingham was 
а pleafor “а dehnite standard set of rules, by which every 
one will agree to be bound;” whilst Mr. Crompton's short 
paper was written to urge the adoption of the revised 
rules issued by the Institution of Electrical Engineers 
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іп 1897. At the end of a two nights’ debate, the following 
resolution was unanimously and enthusiastically carried : — 
“ That this meeting is of opinion that the Institution should 
take such steps as it thinks best to secure uniformity in rules, 
by pressing on supply companies, municipal engineers, and 
fire offices the advantages of adopting rules to be drawn up 
by the Institution, based on the present ones, as a standard, 
with such modifications only as local conditions may 
necessitate." It was not unreasonable to suppose that 
before two years had expired, not only would the new rules 
have been issued, but that they would have been in general 
use throughout the country. Instead of this, however, 
rules multiply and become more and more dissimilar. 

In introducing his paper Mr. Wordingham remarked: 
“It is to the interests of contractors to have a definite set of 
regulations drawn up, and central station engineers are 
equally interested іп having uniform rules." Не then went 
on to say: “It is no use talking about a thing and saying it 
is very desirable, if the people who talk are not really deter- 
mined to do each one his best to arrive at the result he 
advocates. We must all be prepared to give up something 
if we are to secure uniformity, and although it is rather 
mortifying, perhaps, to give up a pet regulation, I think 
it behoves everybody concerned to do so, if in this way 
a uniform standard can be arrived at.” (This Journal, vol. 
28, p. 176) The charm of the remark lies in the fact that 
the Manchester Regulations (issued October, 1899), con- 
tained, in addition to 17 conditions relating to supply, no 
less than 62 rules relating to wiring and fittings, which are 
distinctly stated to be additional and not in substitution 
of the ordinary wiring rules. When it is stated that the 
Phoenix Fire Office Rules number 43, and those of the 
Liverpool, London, and Globe, for ordinary risks, number 
II7, it means that for ordinary installation work on the 
Manchester mains, and in accordance with the rules of the 
two companies mentioned, one must be conversant with 
considerably over 200 wiring rules, to say nothing of those 
of the Institution of Electrical Engineers. 

Owing to the variety and extent of the work now under- 
taken by large manufacturers and contracting firms or 
companies, it is necessary for superintending engineers to 
keep in touch with all the principal requirements both 
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of Fire Insurance, Supply Companies, and municipalities, in 
order that the fittings and installation. accessories shall 
comply as far as possible with them. 

The writer has attempted, for the purposes of this paper, 
to tabulate those rules to which he has occasion most 
frequently to refer. The rules of Bradford and one or two 
other important stations are omitted, as they are at present 
undergoing revision. Those tabulated, however, will 
probably sufhce to impress upon the members present 
the great need that exists in this particular department 
for that * wholesale scrapping " process that some people 
think so desirable in our manufactories. 

Comparing these rules with themselves and each other, it 
15 soon evident how hopeless it is to attempt to standardise 
anything until the rules themselves have been standardised. 
Take the Phoenix Rules first. 

After reading carefully the 39 pages of which the rules 
consist, one has no idea of what would satisfy the technical 
officer of the Phoenix Company, and not one electrician 
in 100 could define exactly what 1$ and 15 not in accordance 
with these rules. They abound in exceptions and contra- 
dictions. In the 43 rules there are over 50 exceptions 
or cases requiring special permission. On one page we read 
that all conductors must be of copper, and in the following 
pages that copper is not obligatory in all cases, although 
there is nothing to indicate under what circumstances any 
other material may be used. As regards enclosing con- 
ductors, the first part of rule 5 reads that conductors in non- 
hazardous risks should be enclosed іп “iron or other 
approved metal tubes" (by which one understands that iron 
is approved), or іп other approved fireproof tubes, ог in 
wood casing. Inthe next paragraph we are told that “No 
tube of any kind will be allowed that is not approved by 
the technical office of the fire office,” which gives the im- 
pression that tubes generally are not approved: whilst in a 
later paragraph of the same rule we find that “a number of 
conductors may be placed in a single iron or steel tube.” 
Rule 7, p. тт, says that all hidden conductors “must be 
enclosed in approved metal tubing, or other approved 
tubing, or wood casing.” This would be the most definite 
rulein the book if it ended there, but it is rendered useless 
by the characteristic addition : “unless in the opinion of 
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the technical adviser of the fire office tubing or wood casing 
would not be desirable." When the various kinds of tubing 
and casing are not permissible it is not obvious what else 
could be used to enclose a conductor. The above examples 
are not specially chosen, but are among the first rules іп the 
book, and form a fair sample of the whole. 

For the purposes of this paper it will be more con- 
venient to compare the rules and requirements of various 
companies or corporations on specific subjects rather 
than comment upon the whole of one set of rules after 
another. 

The question as to condition of supply does not much 
affect the wiring contractor, except that he is sometimes 
asked by his customer to carry on the negotiations with the 
Supply Company, and for this purpose it is useful for him to 
know to what distance the Supply Company bring in their 
mains free. This information has been put in the general 
column of the schedule appended. 

Switches.—On almost every supply the consumer must 
provide a double pole switch, that is to say, a switch on both 
poles of the mains, but not in every case a cut-out or fuse. 
In some rules a fuse is specified, e.g., in the rules of the 
Manchester, Sunderland, Blackpool, York, and many others, 
but in others no mention is made of a cut-out to be fixed by 
the contractor. It is quite possible, however, that in all 
these cases the Supply Company would ask for one to be 
hxed. In other rules, however, it is clearly stated that the 
consumer must on no account provide a cut-out, and 
among these may be named West Hartlepool, Carlisle, 
Grimsby, and Chelsea. Some rules specify the position 
in which this fuse shall be fixed in reference to the main 
switch, and in some cases this is fixed on the supply side 
of the main switch instead of on the consumer's side. 
This, surely, is not as it should be, as it is necessary in 
replacing a fuse to replace this in live wires which cannot 
be cut off, and in the case of 400/500 volts supply there 
is some risk of shock being felt. Not content with 
specifying a double pole switch, some companies go into 
detail of manufacture and specify that the two switches 
should be rigidly joined together by a connecting link, 
and also specify the lengths of break and the distance 
between the poles. In the case of Glasgow the length 
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of break is given for switches and fuses on 250 and 5оо 
volts circuits for currents ranging from 5 to 250 amperes. 
The figures are given in the schedule and may possibly 
comply with existing standard switches and cut-outs. 


CONDUCTORS, CASING, ETC. 


Turning now to the requirements, re conductors, there 
is a certain amount of diversity, not only as regards the 
insulation resistance, but also as regards the smallest and 
largest size of conductor permissible, and also the smallest 
section of conductor that may be used. In almost every 
case copper is specified, as it is probably considered that 
no case would arise іп which aluminium or iron might be 
used. This may be true so far as interior wiring of houses 
is concerned, but for works using overhead wires, there is, 
surely, no objection either to aluminium or to iron from 
the supply company's point of view. 

As regards the insulation resistance required for cables, 
this varies іп different rules from 300 megs. per mile, to 
2,500 for vulcanised rubber. In some cases other materials 
may be used by special permission. Lead-covered con- 
ductors are advocated for damp situations in many towns, 
but are objected to in others, notably in Edinburgh. Full 
particulars are embodied in the schedule, so need not be 
further enlarged upon. Tynemouth Corporation specify 
not only the size, the insulation, the density, and the 
maximum drop to the farthest lamp, but also specify that 
two different colours of wire must be used, viz., red for 
positive, and black for negative, though what this has to do 
with the Corporation is a mystery. 

As regards the sizes ОЁ solid and stranded conductors 
to be used, the Institution of Electrical Engineers' rule 1$ 
adopted by a large number of supply companies and 
municipalities, but not by all, whilst some companies make 
no mention of this whatever. Апа rightly so: it has 
nothing whatever to do with them. Glasgow forms an 
exception to the above rule, as on its circuit all con- 
ductors must be stranded, and it is preferred that not 
more than roo amperes pass down any single conductor. 
Many companies and municipalities also specify the current 
. density to be used, notwithstanding the fact that in very 
VOL. XXX. 14 
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many cases they point out that their rules are to be taken, 
not as a substitute, but in addition, to those of the fuc 
insurance companies and of the Institution -of Electrical 
Engineers. It is well known that the Phoenix Company 
have from their first edition specified a current density of 
1,000 amperes per square inch, and whilst this is а fairly 
convenient rule to work to, it is not pretended by any 
one that it is at all scientifc. The rules of the Institution 
of Electrical Engineers specify the temperature rise per- 
missible in. conductors, and give a table of currents and 
sizes corresponding with this rule. The London, Liverpool, 
and Globe Insurance Company, who have certainly the 
best rules in existence, both from a practical and a scientific 
standpoint, and rules, as to the interpretation of which 
there is very little doubt, do not specify the temperature 
rise for conductors, but give a varying density, viz., for 
incandescent work, 1,500 amperes per square inch up to ro 
amperes ; 1,000 amperes per square inch from то to 
100 amperes; and 800 amperes per square inch for 
currents of over 100 amperes; whereas for arc lamps, 
motors, heating, etc., the density is less, viz., 1,000 amperes 
per square inch up to 50 amperes, and 800 amperes рег 
square inch for currents over 50 amperes. The reason for 
this is that there is the possiblility of the current varying, 
and occasionally becoming considerably more than the 
normal. Very few lists of rules appear to tabe note of 
this fact. 

A very large number of the rules of the supply coin- 
panies and municipalities follow the Phoenix rules, whilst 
advising their customers to work to those of the Institution 
of Electrical Engineers, 1.е., they specify that the density 
must not exceed 1,000 amperes per square inch, which 
contradicts the Institution rule. Sunderland and Tyne- 
mouth Corporations, the City of London, and Brush, 
stipulate that not more than 2 volts drop must be lost to 
the farthest lamp, whilst Chelsea, and probably some 
others, limit the drop to І volt, a point which surely has 
nothing to do with the supply authorities, 

On the subject of enclosing conductors, most of the 
rules permit either wood casing or tubing, although in 
some cases preference is expressed for tubing. Reference 
is made in many rules as to blocking out of casing on 


1901. BROADBENT: NOTES ON WIRING RULES. 1137 


damp walls, but the distances to which this is to. be 
blocked out varies in different localities. Іп Manchester, 
$ inch is necessary; whereas in Sunderland, Liverpool, 
and elsewhere, $ inch is considered. suthcient. Sunder- 
land rules specify that all casing must have two coats of 
shellac varnish before use, and where out of sight the wires 
are to be run in wood or earthenware casings, cement 
troughing, or other approved insulated tubes or conductors. 
It will be observed that neither. gas-pipe nor Simplex steel 
pipe will comply with this rule. In. Blackpool casing ts 
not recommended under any circumstances, апа 15 only 
allowed for face work. Тһе same applies to the rules of 
Reading Supply Company. Not only is the nature of the 
casing or tubing specified by supply companies, but some 
even go further than this, апа specify the sort. of nails 
which must be used to fix the casing. Liverpool may be 
instanced as one of the companies that ро to this extent, 
and it will be found that besides asking for casing to. be 
painted, add that it may be fixed to walls by steel nails 
of oval section. 

An iniquitous rule, which one is sorry to see in the 
Sunderland list, is found also in the rules of Blackpool 
and Salford, to the effect that the Corporation. has the 
right to demand that the contractor shall open joints, take 
down casing, etc., for inspection, and reinstate it at his 
own cost. The contractor is certainly entitled to. com- 
pensation 1 no fault be found. 

Distribution.— The first people to systematise wiring 
were the ship lighting contractors. When а ship once 
leaves port, all repairs, whether jointing a damaged wire or 
merely replacing а fuse, must be carried out Бу the 
engineers, many of whom may have never. been ship- 
mates with electric light before, and have to find out for 
themselves all they need to know. It soon became 
recognised that the simple tree system, with its. fuses 
dotted up and down the ship like so many limpets, and 
often quite inaccessible during a voyage, was not tlie 
ideal system. | 

A distribution system was devised in which the main 
circuit cables from the dynamo room fed distributing fuse 
boxes placed іп accessible positions, and from which 
circuits of about 5 amperes were taken, no reduction in 
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the size of the branch conductors being made between 
the distributing points and the lamps.  Five-ampere 
circuits were fixed upon because a 7/213 stranded cable 
or its equivalent is a very convenient size to use, and as 
the average length of run between the distributing board 
and the lights is not great, the extra cost of the wire 15 
more than counterbalanced by convenience, the reduction 
of waste, and the saving in individual fuses (as none are 
fixed after leaving the distributing centres). This system 
was soon adopted for land installations, but modified. of 
course to suit the different conditions, as it would be very 
expeusive in the majority of cases to use so large a 
conductor for single lamps. Тһе average supply station 
engineer, however, is trying to insist upon circuits, not of 
the carrying capacity of 7/213 conductor, but of 13 ampere 
circuits іп many cases, and even less than і ampere in the 
case of Edinburgh. 

A glance down the column headed “ Branch Switches, 
Fuses, and Circuits” shows that whilst Manchester ask 
for 24 amperes circuits, Glasgow 3 amperes, a very large 
proportion of the other towns put the limit at ten 8 c.p. 
lamps, which means circuits of less than 14 amperes in a 
230-volt system, which is now very largely used and cer- 
tainly 15 the pressure of many of the stations which have 
adapted this ridiculous rule. The Tynemouth rules read 
that no branch circuit should carry more than 5 amperes, 
or IO lamps. The candle-power of the lamps is not 
specified, so іп а shop using high candle-power lamps, 5 
ampere circuits may be run, whilst in a house using 8 c.p. 
lamps no circuit would carry more than 14 amperes. И 
should not be overlooked, however, that according to the 
Phoenix rules, no lamps must be considered less than 16 c.p. 

On the subject of branch switches and cut-outs, and 
small wiring accessories such as ceiling roses, wall sockets, 
and the like, there is an appalling variety of opinion. 
Manufacturers of such appliances must often be at their 
wits' end to decide what to stock and what to scrap, and it 
is scandalous that they should have to make so many 
varieties of almost every article to meet the fads of station 
engineers, when it would pay them far better and enable 
them to reduce prices if they could standardise more, and 
cut down the number of stock patterns. 
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In some towns double pole fuses, that 15 positive and 
negative under one cover, are prohibited, whilst in other 
places they are permitted. The Liverpool, London aud 
Globe Insurance Company do not like them, and will not 
permit them on circuits of over 130 volts, nor in mills, ware- 
houses, or the like. No exception can be taken to this rule, 
as D.P. fuses certainly ought to be abolished, and, with. the 
growth of the distribution system of wiring, the use of 
isolated fuses will naturally become less and less. Опе still 
sees distributing boards fitted up with a dozen or so round 
type fuses with fluted brass covers, but the tendency is 
rightly towards the use of distributing boxes containing clip 
type fuses mounted on slate or china. These, however, raise 
other points, viz., that in. Blackpool slate is not permitted 
as an insulator, whilst in many other places, including 
York, Grimsby, Carlisle, and West Hartlepool, fuses with 
metallic covers are not allowed. Under the same set of 
rules the main switches must also be provided with non- 
conducting covers. It is not obvious why main switches 
should be treated differently in this respect to branch 
switches ; if a metal cover is good enough for a “tumbler” 
switch, in which the working parts are very close to the 
cover, it is equally good for a main switch in which there 15 
a greater distance between the covers and the working 
parts. In Salford and Blackpool, however, sockets, fuses, 
and, switches must have covers of vitrite or porcelain, or an 
equivalent, whilst in Tynemouth switches in damp places 
have both covers and handles of non-conducting material. 
Here is one of those interesting cases in which the con- 
tractor is between the station engineer and the Board of 
Trade. Тһе station engineer says that he will not permit a 
main switch with a metallic cover, whilst the Board of 
Trade requires that upon any circuit at а pressure of over 
250 volts, all lines (an expression now generally understood 
to cover all switches and terminals) shall be protected by a 
metallic cover efficiently connected to earth. 

It may not be inopportune to mention here that the 
Board of Trade require that the two pairs of a three-wire 
system carrying over 250 volts pressure shall be brought 
into a building at points six feet apart and kept quite 
distinct throughout the building. It will be very interest- 
ing to hear what kind of treble pole switch, as specified by 
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Tynemouth and some other rules, would satisfy this condi- 
tion, and if the rule as to the coupling together of the two 
main switches is insisted on in Glasgow and elsewhere 
under such conditions, as it would not be a very simple 
matter to couple two switches together if they are placed 
siX feet apart. Glasgow, however, appears to be quite out- 
side the range of the Board of Trade requirements ; they 
are not only 20 volts above the Board of Trade limit, but 
have a special rule that if two double pole switches are 
used, one on each side of the three-wire system, they must 
not be less, and presumably need not be more, than one 
foot apart. The same occurs in the Edinburgh rules. 
There is certainly some obscurity as to the real meaning of 
the Board of Trade rule. The word *lines" may be taken 
to mean “cables” only, but as the cable ends must be 
brought into the switches the lines cannot be wholly 
enclosed in metallic casing unless the switches and every 
other accessory in connection with the cables are also pro- 
tected in the same way. Many station engineers interpret 
the rules in this way, although they do not specifically 
mention it in their rules. Almost, И not all the London 
companies insist on both switches and fuses on circuits of 
400 volts and upwards being enclosed іп iron boxes, whilst 
the Bristol Corporation, in their special rules for continuous 
current, demand that all cables, switches, fuses, and motors 
shall bc enclosed in strong metal cases connected to earth. 

This digression was caused by the rules against non- 
metallic covers, and we must retrace our steps a little to the 
further consideration of small accessories. It would seem 
to be somewhat outside the province of the Supply Com- 
pany to specify the position or precise arrangement of indi- 
vidual switches, but the Tynemouth Corporation rules that : 
“Tumbler switches to be ON when the handle is DOWN- 
WARDS.” Now this is a matter that neither affects the fire 
risk nor the conditions of supply, but is an argument for 
uniformity, and on that account the rule is not without 
merit. But other people may also have views on this 
subject, and, if the North-Eastern Railway Company wire 
any of their stations or premises апа become customers of 
the Tynemouth Corporation, the Corporation engineer will 
probably find all the tumbler switches arranged upside 
down. The convenient rule of the North-Eastern Railway 
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Company is: Switch up, light up; switch down, light 
down." 

The Institution of Electrical Engineers did a very ques- 
tionable thing in specifying ventilated fuse boxes. Rule to 
reads that the covers of all fuse boxes should be efficiently 
ventilated, so as to avoid fracture by the sudden expansion 
of the air within them at the time the fuse melts, the covers 
being arranged to catch and retain the fused metal. Ceiling 
roses are not mentioned under this rule, but logically a 
ceiling rose containing a fuse should comply with the same 
conditions as a fuse which is not a ceiling rose. Ceiling 
rose covers have been known to burst on the fuse blowing 
owing to a short circuit in the flexible or in the lampholder. 
This might very easily start a fire in a cotton spinning or 
weaving mill, where the ceiling roses are fixed immediately 
over the looms or mules. The fault of this rule, however, 
is in specifying. * ventilation" instead of demanding that 
the fuse cover shall not burst due to the blowing of the 
fuse. What has happened is this: not only do station 
engineers refuse to pass non-ventilated fuses, but some 
manufacturing firms have seized the opportunity to patent a 
ventilated fuse, which, according to their travellers' stories, 
is the only fuse that will not burst, and at the same time 
will not permit the fused metal to escape. А rival firm has 
a fuse that is not ventilated, and does not require ventila- 
tion, and cannot be made to burst, explaining that a fuse 
does not burst by expansion due to the fuse blowing, but 
by the expansion and heat due to the arc started inside the 
fuse box by the tin vapour. If all terminals are embedded 
in porcelain in such a way as to leave the minimum surface 
exposed, an arc will not start and the fuse cover will not 
burst, Q.E.D. This, then, is one of the minor results 
due to a too precise laying down of the law relating to 
fuses. 

Another of the contractors' worries 15 that, not content 
with specifying the nature of the fuse box itself, some 
engineers have fads on the kind. of fuse metal to be used. 
In Tynemouth, the fuse wire preferred is “ fine copper 
strand," and must have a clear length of 1$ in.; whilst in 
Chelsea a branch fuse must consist of a single strand of 
pure tin, not larger than No. 28 S.W.G., preferably 
soldered to copper terminals—not an easy thing to do, by 
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the way—and should lie in a fuse chamber lined with 
plaster of Paris, length of break 1} in. Glasgow and Edin- 
burgh specify tin, preferably with copper ends; Bury prefers 
fine copper strand. 

It is unnecessary to refer in detail to all the minor 
differences that occur in the various rules, most of these 
may be seen in the schedule. Attention may be called, 
however, to the requirements as regards ceiling roses; under 
some conditions they must contain fuses, under others they 
must not, whilst Mr. Pigg, in his paper already referred to, 
mentioned that he had heard but had not seen a specifica- 
tion which called for double pole fuses in each ceiling rose. 
The specification certainly did exist, and the installation 
was carried out under the writer's superintendence. 


MOTORS, ETC. 


More important, however, are the differences in the 
requirements concerning motors and their regulation, the 
earthing of motors and heating appliances, and the insula- 
tion resistance required for a complete installation. Ac- 
cording to the Institution rules, dynamos and motors start- 
ing and regulating resistances, and switches, must be 
spaced 12 inches horizontally and 4 feet vertically from 
woodwork or inflammable material. This rule is copied 
verbatim into the Glasgow rules, and 1$, of course, under- 
stood to be embodied in all those rules which are stated to 
be additional to those of the Institution. Notwithstanding 
this, in many of the rules the figures are varied in accord- 
ance with the fancy of the engineer for the time being. 
Blackpool rules, after stating distinctly that the rules of the 
Institution are to be strictly adhered to, give the distance 
as 18 inches, and this distance would presumably pass the 
Corporation Inspector, who, however, would prefer to вес 
the resistances hung outside of the building! The Edin- 
burgh rule is to the effect that resistances must not be fixed 
on or near woodwork, but should be fixed to brick or stone 
walls, and be so mounted that they stand 6 inches from the 
wall. Surely there is no risk of a resistance burning a brick 
or stone wall down. Тһе Liverpool Corporation rules 
stipulate that resistances shall be 6 inches from woodwork, 
whilst the Reading Supply Company specify 18 inches, 
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although the Institution and fire office rules are also to be 
complied with. 

Arc lamp resistances are more leniently dealt with by 
the Institution, although it is not obvious why they should 
be considered less dangerous than motor resistances. 
Probably the argument is that motor resistances are 
generally larger than those for arc lamps. On the other 
hand, arc lamp resistances are frequently grouped in one 
place, whereas a motor starting resistance is generally fixed 
singly alongside the motor, so if this be the argument it is 
not a very strong one. Whatever the reason may be, the 
fact remains that, according to the Institution of Electrical 
Engineers' rules, arc lamp resistances should be 6 inches 
from woodwork horizontally and 2 feet vertically, which 1s 
just half the requirements for dynamcs, motors, or their 
resistances. Now it is pertinent to ask why the Institution 
should be more stringent upon a purely fire risk question 
than are any of the fire office rules. Surely the fire offices, 
with all their experience, have fixed a safe limit. Now 
what аге the fire office rules on this subject. The Phoenix 
rules stipulate that any woodwork near a dynamo, motor, 
or resistance should be protected by fireproof material, but 
no distance is named. The Liverpool, London and Globe 
Insurance Company prefer that resistances should be on a 
brick or stone wall, isolated from inflammable material, no 
distance being stated. The London and Lancashire Fire 
Insurance Company, whilst giving the same distances as 
the Institution rules, recognise the absurdity and practical 
impossibility of the latter; they realise that in practice 
neither a dynamo nor a motor can be raised 4 feet above 
the floor (if the latter happen to be wood), except in rare 
cases, so the word * unprotected " is inserted, making the 
rule read common-sense. Thus : * Dynamo to be placed 4 
feet vertically from any unprotected woodwork.” But the 
obvious course is to protect it, so the next rule reads: 
* Dynamos to be placed on a sheet of metal of sufficient 
size to protect the floor when fixed on a non-fireproof floor." 
The same rule applies to all resistances, whether for motors 
or arc lamps. These, rules, whilst being based on those of 
the Institution, are amplified and made more definite. 

The Hand-in-Hand Fire Office requires that dynamos 
shall not be placed within 12 inches of any unprotected 
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the way—and should lie in a fuse chamber lined with 
plaster of Paris, length of break 11 in. Glasgow апа Edin- 
burgh specify tin, preferably with copper ends; Bury prefers 
fine copper strand. 

Ц 15 unnecessary to refer in detail to all the minor 
differences that occur in the various rules, most of these 
may be seen in the schedule. Attention may be called, 
however, to the requirements as regards ceiling roses; under 
some conditions they must contain fuses, under others they 
must not, whilst Mr. Pigg, in his paper already referred to, 
mentioned that he had heard but had not seen a specifica- 
tion which called for double pole fuses in each ceiling rose. 
The specification certainly did exist, and the installation 
was carried out under the writer’s superintendence. 


MOTORS, ETC. 


More important, however, are the differences in the 
requirements concerning motors and their regulation, the 
earthing of motors and heating appliances, and the insula- 
tion resistance required for a complete installation. Ас- 
cording to the Institution rules, dynamos and motors start- 
ing and regulating resistances, and switches, must be 
spaced 12 inches horizontally and 4 feet vertically from 
woodwork or inflammable material. This rule is copied 
verbatim into the Glasgow rules, ang 15, of course, under- 
stood to be embodied in all those rules which are stated to 
be additional to those of the Institution. Notwithstanding 
this, in many of the rules the figures are varied іп accord- 
ance with the fancy of the engineer for the time being. 
Blackpool rules, after stating distinctly that the rules of the 
Institution are to be strictly adhered to, give the distance 
as 18 inches, and this distance would presumably pass the 
Corporation Inspector, who, however, would prefer to see 
the resistances hung outside of the building! Тһе Edin- 
burgh rule is to the effect that resistances must not be fixed 
оп or near woodwork, but should be fixed to brick or stone 
walls, and be so mounted that they stand 6 inches from the 
wall. Surely there 1s no risk of a resistance burning a brick 
or stone wall down. The Liverpool Corporation rules 
stipulate that resistances shall be 6 inches from woodwork, 
whilst the Reading Supply Company specify 18 inches, 
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although the Institution and fire office rules are also to be 
complied with. 

Arc lamp resistances are more leniently dealt with by 
the Institution, although it is not obvious why they should 
be considered less dangerous than motor resistances, 
Probably the argument is that motor resistances аге 
generally larger than those for arc lamps. On the other 
hand, arc lamp resistances are frequently grouped іп one 
place, whereas a motor starting resistance is generally fixed 
singly alongside the motor, so if this be the argument it 15 
not a very strong one. Whatever the reason may be, the 
fact remains that, according to the Institution. of Electrical 
Engineers’ rules, arc lamp resistances should be 6 inches 
from woodwork horizontally and 2 feet vertically, which is 
just half the requirements for dynamcs, motors, or their 
resistances. Now it 1s pertinent to ask why the Institution 
should be more stringent upon a purely fire risk question 
than аге any of the fire office rules. Surely the fire offices, 
with all their experience, have fixed a safe limit. Now 
what are the fire ofhce rules on this subject. Тһе Phoenix 
rules stipulate that any woodwork near a dynamo, motor, 
or resistance should be protected Бу fireproof material, but 
no distance is named. The Liverpool, London and Globe 
Insurance Company prefer that resistances should be on a 
brick or stone wall, isolated from inflammable material, no 
distance being stated. The London and Lancashire Fire 
Insurance Company, whilst giving the same distances as 
the Institution rules, recognise the absurdity and practical 
impossibility of the latter; they realise that іп practice 
neither a dynamo nor a motor can be raised 4 feet above 
the floor (if the latter happen to be wood), except in rare 
cases, so the word ^ unprotected " is inserted, making the 
rule read common-sense. Thus: * Dynamo to be placed 4 
feet vertically from any unprotected woodwork.” But the 
obvious course is to protect it, so the next rule reads: 
“Dynamos to be placed on a sheet of metal of sufhcient 
size to protect the floor when fixed on a non-fireproof floor.” 
The same rule applies to all resistances, whether for motors 
or arc lamps. These, rules, whilst being based on those of 
the Institution, are amplified and made more definite. 

The Hand-in-Hand Fire Office requires that dynamos 
shall not be placed within 12 inches of any unprotected 
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combustible material other Шап their seating, thus recog- 
nising what apparently the Institution forgot, viz., that a 
dynamo could not be fixed in mid-air, but must have a 
seating of some kind. The same rule applies to resistances. 
The Royal Insurance Company's rule on the subject is 
practically the same as that of the London and Lancashire 
Company, and these are the only rules the writer has seen 
which give diagrams of connections, and photographs of 
apparatus to illustrate and amplify the text. 

It will be seen from the foregoing remarks how diverse 
and unpractical are the requirements both of the Institution 
and Supply rules, and how very wide of the mark they are 
in dealing with simple questions of fire гізі. What could 
be more absurd than the rule that all motor resistances 
should be on brick or stone walls, except the suggestion 
that they should be placed “outside of the building." 
Imagine for a moment а large printing establishment, 
employing upwards of тоо motors, each provided with a 
starting switch, and separate regulating switch. It 1$ neces- 
sary that the starting and controlling switches should be 
near the machines, and, assuming the switches to have on 
the average то steps, it would be necessary, if the resistances 
are placed on the walls, to run at least 2,000 connecting 
wires between the machines and the walls. Apart from the 
practical difficulties involved, the fire risk from 2,000 wires 
would have also to be considered. In Glasgow and Edin- 
burgh only four wires are allowed on one tube, so that in 
.addition to the tube carrying the supply wires, there would 
be at least 5 other tubes radiating from each machine to 
the sides of the building, or say about боо tubes altogether. 

Another rule, made only to be broken, is that which 
limits the temperature of the resistance coils of starting 
switches and arc lamps to 212 degrees Fahr., “even if left 
continuously in use." Now a starting resistance never is 
leít continuously in use, unless it is designed to act also 
аз a regulating resistance. Why, therefore, should it be 
designed to meet conditions that will never occur, or why 
should a consumer be forced to pay double the necessary 
price for a starting switch ? Starting switches are generally 
so designed that it is impossible to leave them in an inter- 
mediate position, that is to say, in a position in which a 
current could pass through the starting coils. And, it is 
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safe to say, that any of the regular patterns of starting 
resistances, of which there are many thousands in use, 
would burn out if the normal motor current were passed 
through for say то minutes, and most of them would burn 
out in less than three minutes. Not only are starting 
resistances not designed for continuously carrying the 
current, but the same applies to the contact plates of the 
switch, and it would be illogical to increase the current- 
carrying capacity of the one and not the other. What the 
rule amounts to, therefore, is, that all starting switches and 
resistances should be large enough to serve as speed regu- 
lators, which would practically double the cost, and be 
provided with abnormally large resistances even for speed 
regulators. Many people seem to lose sight of the fact that 
the function of a resistance coil is to dissipate energy in 
the form of heat, and that it would be, if not impossible, 
exceedingly inconvenient to provide space in most cases for 
the enormous coils that would be required if low tempera- 
tures are insisted upon. Why! the temperature of инрто- 
tected steam pipes and connections in Central Generating 
Stations is very considerably higher than is permissible for 
protected resistance coils in the same room by this rule. 

In connection with motor work there are quite а 
number of rules that need standardising. First is Фе ques- 
tion of the maximum starting current permissible. It is 
apparent from the rules that the distributing mains in many 
towns are cut so fine that any current over 5 amperes 
suddenly switched on to one circuit is sufficient to disturb 
the pressure in neighbouring circuits. It does not seem 
quite fair to the motor user that he should have to pay for 
complicated and expensive apparatus for the sole purpose 
of enabling the suppliers to cut down capital outlay in 
cables for lighting purposes. If switching on or off the full 
motor current causes a disturbance in the neighbouring 
lighting circuits, surely it is the business of the supply 
authorities to lay down separate mains for power purposes. 
Many of them specify that separate circuits shall be run 
for motors and lighting inside the consumers’ premises, a 
matter quite outside their province, yet, in addition to this, 
they impose vexatious restrictions on the motor user to 
enable themselves to use the same supply circuits for both 
motors and lighting. But to come back to the want of 
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uniformity in the requirements. "These vary from a starting 
current not exceeding the normal full-load current on the 
City of London mains, down through various stages to a 
starting current not exceeding 5 amperes on the Glasgow 
and some other towns' mains. Nor are the rules always 
consistent even in the same district. On the Chelsea sup- 
ply, a 3 H.P. motor may, on starting, exceed its full-load 
current of 25 per cent, say 16} amperes. On the same 
supply, if a motor exceed 3 H.P., its starting current must 
not exceed то amperes, nor increase in steps exceeding 
5 amperes each. On the Manchester Supply, no motor 
must take more than то amperes when first switched on, 
nor increase in steps exceeding 10 amperes. On the same 
circuit, a го-атреге arc lamp may, on striking, take 18 
amperes, and a r5-ampere arc 27 amperes, whilst an arc 
requiring normally more than 15 amperes must have а 
graduated starting resistance limiting the starting current to 
IS amperes, and any additional current to 1o-ampere steps. 
In Manchester, therefore, the extraordinary condition exists 
that a motor, no matter how large, must not take a starting 
current of more than, roughly, one-third of the current 
permitted to а 15-ampere arc lamp, and а ro-ampere lamp 
may take a larger starting current than a 20-ampere опе. 
In Glasgow the starting current must not exceed 5 amperes 
nor increase in more than 5-ampere steps ; in Carlisle and 
other towns using the same set of rules the starting current 
must not exceed 5 amperes, and the additional steps must 
not cause disturbance to the lighting circuits. Many rules 
permit ro amperes starting current with the same subse- 
quent conditions as the last named. А fair proportion of 
the rules call for a mechanical device or overload cut-off to 
prevent too rapid starting. Any ordinary overload device 
would fail to pass the Manchester test of pushing the start- 
ing switch suddenly over all the contacts to “full on," as 
the current will considerably exceed the limit before the 
inertia of the knock-off permits the switch to break circuit ; 
nothing, therefore, but a slow motion gear will meet the 
case. But, when all the above conditions have been 
complied with, nothing can prevent the motor current, 
during normal working conditions, from continually vary- 
ing through far wider ranges than то атрегез. А motor 
driving a printing machine will not only suddenly fall from 
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full load to zero, but will at times actually fall beyond this 
and act as a dynamo and put current back into the mains, 
owing to the inertia of the machine connected with it. A 
motor driving a pair of cotton spinning mules will vary 
instantly from light load, say то amperes up to 200 amperes, 
and then quickly fall to 40 amperes, and then back to light 
load, and will repeat this cycle every few seconds. A 
motor driving a heavy planing machine may vary between 
30 and оо amperes every few seconds, yet in both the latter 
cases the starting up could comply even with the Glasgow 
conditions, as the motor would start on a loose pulley. Or, 
take the case of a newspaper printing machine absorbing 
50 H.P. It must be possible to stop the machine instantly 
from any part of the machine, and it is not obvious why 
starting should be more detrimental to neighbouring lamps 
than stopping. То the uninitiated it would seem that the 
opposite is the case. 

The Board of Trade rules are too well known to need 
repetition in full here. Ав has already been mentioned, on 
circuits of 250 volts and upwards all lines forming the 
connections to motors, or otherwise, must be completely 
enclosed in metallic casing as far as practicable, the casing 
being efficiently connected with earth. Each motor to 
have a switch under the control of the attendant by means 
of which all pressure can be cut off from the motor or from 
any apparatus in connection with it. Fuses on each pole to 
be provided. All switches and cut-outs to be so enclosed as 
to prevent danger from shock or fire. The above is а brief 
summary of the Board of Trade requirements, and it is 
interesting to observe how these apparently simple rules 
have been interpreted by different people. То take the 
enclosing and earthing first. Whilst іп some localities 
it has been found that the ordinary steel tubing, known 
as “ Simplex" or “Crown tubing," meets all the require- 
ments for enclosing cables without any special bonding 
of joints, іп others it is required. that each joint should 
be bonded or that an earthed bare copper wire shall be 
enclosed throughout the full length of the tube, whilst 
in other places nothing but screwed gas-piping 1s passed. 
Then, as to the method of earthing. — In Bristol all casings 
and frames, whether of motors, wires, switches, or resist- 
ances, must be earthed with a wire capable of carrying 
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ten times the fusing current of the main fuse. In Bury, 


Glasgow, etc., the earthing wire must be equal in section to’ 


the conductor ; in Carlisle, Grimsby, West Hartlepool, 
York, and other towns which have adopted the same set of 
rules, all motors are to be efficiently insulated from earth. 
This rule may refer to the windings of the motors and not 
to the frames, but nothing further is specified. — In 
Edinburgh, the frames of all motors, whether 230 or 
460 volts, must be earthed. In Manchester, all motors, 
whether on the тоо, 200, or 400-volt circuits, are to be con- 
nected to earth with a copper conductor, equal in section to 
the motor conductor, but need not exceed ro square 
millimetres. — Resistances on 400-volt circuits to have 
metallic covers connected to earth. In Reading, the 
switches as well as the wire on 400-volt circuits are to 
be enclosed in earthed metallic sheathing. Іп Sunderland, 
the frames of 400-volt motors must be earthed by a cable 
not less than 7/18, quite regardless of the size of the motor. 
It would appear from the foregoing, that the almost general 
feeling among station engineers is that the Board of Trade 
rule as to enclosing and earthing applies to cables, switches, 
and resistance frames, as well as to motors, but, Glasgow 
again forms the notable exception, and insists on all 
resistance frames being insulated from earth. 

The various other points in connection with motor work 
would occupy too much time to specify in detail. It might, 
however, be noted that some of the London companies 
specify that motors must be shunt wound. This is certainly 
not the best for a very variable load, even from the Supply 
Company's point of view ; whilst some specify that the 
shunt shall be broken on an inductive resistance, which is 
contrary to ordinary practice. The County of London, and 
Brush, are exceptional in asking for a single pole switch 
only, which is to be on the positive pole which forms the 
inner wire of the Company's mains. Possibly the reason 
for this 18 that the outer 15 earthed, and, if this be so, it is 
interesting to note, as the rules stipulate that all work must 
be carried out in accordance with the rules of the fire offices, 
that the Phoenix Office has a rule to this effect, * Switches 
and cut-outs should always act on the internal (or live) wire 
when the system 1s earthed," followed by the characteristic 
and amusing saving clause, * but switches and fuses may be 


T 
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required on the other wire should the technical adviser 
to the fire office consider Ц advisable," The Supply Com- 
pany further requires a switch апа fuse on each main, near 
the point of supply, and, on the same subject, one of the 
Phoenix rules on page 15 reads, “ when опе main of a high- 
tension system is earthed, that main need nof have a cut- 
out." "Then, of course, the saving clause comes in, “ unless 
required. by the technical adviser of the fire отсе.” On 
turning to page 28, another rule reads, *if one pole of a 
supply system be ‘earthed,’ each conductor must still have 
a switch and cut-out at its point. of entrance into the 
consumers’ premises," then, with really praiseworthy 
consistency, the usual exception, “unless permission to the 
contrary be given, etc." 

Upon the question of earthing, Manchester has 
exceptional rules. Every radiator, including stoves, hot 
plates, ovens and cooking apparatus generally, must be 
earthed. In the case of portable apparatus this means a 
triple flexible conductor, and special 3 connection plugs and 
sockets. Electric kettles or other portable heaters must 
stand at least 6 inches above а table or anything com- 
bustible, and if electric irons and curling tongs come within 
the definition, electric laundry work 15 impossible in the 
Manchester district, and ladies must still depend upon 
the uncertain spirit lamp ог раз jet to heat their tongs. 

Without referring to the question of insulation resistance, 
upon which subject Mr. Pigg Баз dealt зо exhaustively, 
the writer hopes he has said enough to awaken in the 
members some sense of the great need that exists for 
one definite and comprehensive set of rules, rules which 
shall be self-Iuminous, needing no interpreter, rules that the 
wayfaring man, though а jerry wireman, can understand 
and work to, and rules therefore that may be enforced. 

Newcastle has ever been in the van in the March of 
Progress, and we of this section of the Institution must see 
to it that we worthily uphold the tradition. Wc must aim 
at being foremost among the local sections in everything 
that makes for the advancement either of the commercial or 
scientific interests of the industry with which we are all so 
proud, and justly proud, to be associated. 

If, by our voice and influence, we can hasten the «ау 
when uniformity shall reign, even only іп the matter of 


Мг. 
Turnbull. 


Mr. Moir. 


1150 BROADBENT: NOTES ON WIRING RULES. (Newcastle, 


wiring rules, we shall have done not a little to justify 
our existence. 


Мг. C. TURNBULL : The writer of the paper appears to think that 
standardisation may mean stagnation. I think, however, that there is 
little to fear from this, as standardisation really means that change is 
only made in the interests of progress instead of in a haphazard fashion. 
The business firms who standardise most are almost always the most 
progressive. I will first of all answer some of the criticisms on the 
Tynemouth rules. The writer of the paper objects to the rule that 
switches should be on the red wire. Му reason for this is to ensure 
that switches shall be on the live wire of our three-wire system, so that 
if a switch be off, the fitting connected to it will be dead. Тһе rule is 
convenient to remember—red wire danger млге; black wire neutral or 
dead wire. With regard to the writer's idea that the station has no 
right to object to a heavy drop of pressure in a consumer's premises, 
he here exposes himself to the suggestion that he is backing up the 
“jerry-wirer.” Certainly the station has a great deal to do with the 
proper wiring of consumer's premises. I knew of one case, for 
instance, where a large shop was wired on the heavy-drop system, and 
the owner of this shop never ceased to write strong letters to the 
engineer of the station. Не also created discontent amongst other 
consumers and prospective consumers, and I am not sure if eventually 
he did not put down his own plant. Furthermore, too little copper 
means heating and danger of fire. The consumer must be protected in 
the present state of matters, and the station engineer is the only one 
who can protect him. With regard to the insulating of switch handles, 
I have known cases where you could not switch on the light without 
getting a shock. 

With the spirit of the paper, however, I am in entire sympathy. I 
think it would be a very excellent thing if we could have in house- 
wiring something akin to Lloyds' rules in shipping. Some three or four 
specifications could be drawn up to suit all classes of work, from cases 
where only the very highest quality was required, down to cases where 
work of the cheapest kind consistent with safety was aimed at. When 
a wiring firm contracted to wire a building, they could state on which 
specification they were tendering, so that every one would be оп 
equality. Laws need administrators, and to carry out this idea properly 
it would be necessary to have a laboratory—preferably in charge of the 
Institution—which would examine and pass all suitable fittings, giving 
them a certificate that they could be used under a certain specification. 
I think that the expense might be easily met by contributions from the 
various stations, and also by fees from the manufacturers for testing 
fittings. Jerry-wiring firms wonld be put on the black list if necessary. 
АП disputes could be referred to this department. By means such as 
this, I think that standardisation and progress could be assured. 

Mr. ALEx. MoiR : Before referring to a matter dealt with in the 
Fire Office rules, I would like to support Mr. Turnbull in his contention 
that the use of distinctive colours for positive and negative leads is a 
real advantage. Certainly, whatever may be the practice in electric 
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many cases they point out that their rules are to be taken, 
not as a substitute, but in addition, to those of the fie 
insurance companies and of the Institution -of Electrica 
Engineers. It is well known that the Phoenix Company 
have from their first edition specified a current density of 
1,000 amperes per square inch, and whilst this is a fairly 
convenient rule to work to, it is not pretended by any 
one that it is at all scientific. The rules of the Institution 
of Electrical Engineers specify the temperature rise рег- 
missible in conductors, and give a table of currents and 
sizes corresponding with this rule. The London, Liverpool, 
and Globe Insurance Company, who have certainly the 
best rules in existence, both from a practical and a scientific 
standpoint, and rules, as to the interpretation of which 
there is very little doubt, do not specify the temperature 
rise for conductors, but give a varying density, viz., for 
incandescent work, 1,500 amperes per square inch up to 10 
 amperes; 1,000 amperes per square inch from то to 
100 amperes; and 800 amperes per square inch for 
currents of over 100 amperes; whereas for arc lamps, 
motors, heating, ete., the density is less, viz., 1,000 amperes 
per square inch up to 50 amperes, and 800 amperes рег 
square inch for currents over 50 amperes. The reason for 
this is that there 1s the possiblility of the current varying, 
and occasionally becoming considerably more than the 
normal. Very few lists of rules appear to take note of 
this fact. 

A very large number of the rules of the supply сот- 
panies and municipalities follow the Phoenix rules, whilst 
advising their customers to work to those of the Institution 
of Electrical Engineers, f.e., they specify that the density 
must not exceed r,ooo amperes per square inch, which 
contradicts the Institution rule. Sunderland апа Tyne- 
mouth Corporations, the City of London, апа Brush, 
stipulate that not more than 2 volts drop must be lost to 
the farthest lamp, whilst Chelsea, and probably some 
others, limit the drop to І volt, a point which surely has 
nothing to do with the supply authorities, 

On the subject of enclosing conductors, most of the 
rules permit either wood casing or tubing, although in 
some cases preference is expressed for tubing. Reference 
is made 1n many rules as to blocking out of casing on 
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damp walls, but the distances to which this is {о be 
blocked out varies in different localities. Іп Manchester, 
ł inch is necessary; whereas іп Sunderland, Liverpool, 
and elsewhere, $ inch is considered. sufħcient. Sunder- 
land rules specify that all casing must have two coats of 
shellac varnish before use, and where out of sight the wires 
are to be run in wood or earthenware casings, cement 
troughing, or other approved insulated tubes or conductors. 
It will be observed that neither gas-pipe nor Simplex steel 
pipe will comply with this rule. Іп Blackpool casing is 
not recommended under any circumstances, and 15 only 
allowed for face work. The same applies to the rules of 
Reading Supply Company. Not only is the nature of the 
casing or tubing specified by supply companies, but some 
even go further than this, and specify the sort. of nails 
which must be used to fix the casing. Liverpool may be 
instanced as one of the companies that go to this extent, 
and it will be found that besides asking for casing to be 
painted, add that it may be fixed to walls by steel nails 
of oval section. 

An iniquitous rule, which one is sorry to see ш the 
Sunderland list, is found also in the rules of Blackpool 
and Salford, to the effect that the Corporation. has the 
right to demand that the contractor shall open joints, take 
down casing, etc. for inspection, and reinstate it at his 
own cost. The contractor is certainly entitled to com- 
pensation if no fault be found. 

Distribution.—The first people to systematise wiring 
were the ship lighting contractors. When а ship once 
leaves port, all repairs, whether jointing a damaged wire or 
merely replacing а fuse, must be carried out Бу the 
engineers, many of whom may have never been ship- 
mates with electric light before, and have to find out for 
themselves all they need to know. It soon became 
recognised that the simple tree system, with its fuses 
dotted up and down the ship like so many limpets, and 
often quite inaccessible during а voyage, Was not the 
ideal svstem. 

А distribution system was devised іп which the main 
circuit cables from the dynamo room fed distributing fuse 
boxes placed іп accessible positions, апа from which 
circuits of about 5 amperes were taken, no reduction in 
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the size of the branch conductors being made between 
the distributing points and the lamps. Five -ampere 
circuits were fixed upon because a 7/214 stranded cable 
or its equivalent is a very convenient size to use, and as 
the average length of run between the distributing board 
and the lights is not great, the extra cost of the wire 15 
more than counterbalanced by convenience, the reduction 
of waste, and the saving іп individual fuses (as none are 
fixed after leaving the distributing centres). This system 
was soon adopted for land installations, but modified of 
course to suit the different conditions, as it would be very 
expensive in the majority of cases to use so large а 
conductor for single lamps. Тһе average supply station 
engineer, however, is trying to insist upon circuits, not of 
the carrying capacity of 7/214 conductor, but of 13 ampere 
circuits in many cases, and even less than 1 ampere in the 
case of Edinburgh. 

A glance down the column headed “ Branch Switches, 
Fuses, and Circuits" shows that whilst Manchester ask 
for 24 amperes circuits, Glasgow 3 amperes, a very large 
proportion of the other towns put the limit at ten 8 c.p. 
lamps, which means circuits of less Шап 13 amperes іп a 
230-volt system, which is now very largely used and cer- 
tainly is the pressure of many of the stations which have 
adapted this ridiculous rule. The Tynemouth rules read 
that no branch circuit should carry more than 5 amperes, 
or IO lamps. The candle-power of the lamps is not 
specified, so 1n a shop using high candle-power lamps, 5 
ampere circuits may be run, whilst in a house using 8 c.p. 
lamps no circuit would carry more than 13 amperes. It 
should not be overlooked, however, that according to the 
Phoenix rules, no lamps must be considered less than 16 c.p. 

On the subject of branch switches and cut-outs, and 
small wiring accessories such as ceiling roses, wall sockets, 
and the like, there is ап appalling variety of opinion. 
Manufacturers of such appliances must often be at their 
wits' end to decide what to stock and what to scrap, and it 
is scandalous that they should have to make so many 
varieties of almost every article to meet the fads of station 
engineers, when it would pay them far better and enable 
them to reduce prices if they could standardise more, and 
cut down the number of stock patterns. 
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In some towns double pole fuses, that is positive and 
negative under one cover, are prohibited, whilst in other 
places they are permitted. Тһе Liverpool, London and 
Globe Insurance Company do not like them, апа will not 
permit them on circuits of over 130 volts, nor in mills, ware- 
houses, or the like. No exception can be taken to this rule, 
as О.Р. fuses certainly ought to be abolished, and, with the 
growth of the distribution svstem of wiring, the use of 
isolated fuses will naturally become less and less, One still 
sees distributing boards fitted up with a dozen or so round 
tvpe fuses with fluted brass covers, but the tendency ts 
rightly towards the use of distributing boxes containing clip 
{уре fuses mounted on slate or china. These, however, raise 
other points, viz., thatin Blackpool slate 1$ not permitted 
as ап insulator, whilst in many other places, including 
York, Grimsby, Carlisle, and West Hartlepool, fuses with 
metallic covers are not allowed. Under the same set of 
rules the main switches must also be provided with non- 
conducting covers. It is not obvious why main switches 
should be treated differently in this respect. (о branch 
switches ; if a metal cover is good enough for a “tumbler” 
switch, іп which the working parts are very close to the 
cover, it is equally good for a main switch in which there 18 
а greater distance between the covers and the working 
parts. In Salford and Blackpool, however, sockets, fuses, 
and, switches must have covers of vitrite or porcelain, or an 
equivalent, whilst in Tynemouth switches in damp places 
have both covers and handles of non-conducting material. 
Here is one of those interesting cases in which the con- 
tractor is between the station engincer and the Board of 
Trade. The station engineer says that he will not permit a 
main switch with a metallic cover, whilst the Board of 
Trade requires that upon any circuit at a pressure of over 
250 volts, all lines (an expression now generally understood 
to cover all switches and terminals) shall be protected by a 
metallic cover efficiently connected to earth. 

It may not be inopportune to mention here that the 
Board of Trade require that the two pairs of а three-wire 
system carrying over 250 volts pressure shall be brought 
into a building at points six feet apart and kept quite 
distinct throughout the building. It will be very interest- 
ing to hear what kind of treble pole switch, as specified by 
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Tynemouth and some other rules, would satisfy this condi- 
tion, and if the rule as to the coupling together of the two 
main switches 16 insisted on іп Glasgow and elsewhere 
under such conditions, as it would not be a very simple 
matter to couple two switches together if they are placed 
six feet apart. Glasgow, however, appears to be quite out- 
side the range of the Board of Trade requirements ; they 
are not only 20 volts above the Board of Trade limit, but 
have a special rule that if two double pole switches are 
used, one on each side of the three-wire system, they must 
not be less, and presumably need not be more, than one 
foot apart. The same occurs in the Edinburgh rules. 
There is certainly some obscurity as to the real meaning of 
the Board of Trade rule. The word “lines” may be taken 
to mean *cables" only, but as the cable ends must be 
brought into the switches the lines cannot be wholly 
enclosed in metallic casiug unless the switches and every 
other accessory in connection with the cables are also pro- 
tected in the same way. Many station engineers interpret 
the rules in this way, although they do not specifically 
mention it in their rules. Almost, И not all the London 
companies insist on both switches and fuses on circuits of 
400 volts and upwards being enclosed in iron boxes, whilst 
the Bristol Corporation, in their special rules for continuous 
current, demand that all cables, switches, fuses, and motors 
shall be enclosed in strong metal cases connected to earth. 
This digression was caused by the rules against non- 
metallic covers, and we must retrace our steps a little to the 
further consideration of small accessories. It would seem 
to be somewhat outside the province of the Supply Com- 
pany to specify the position or precise arrangement of indi- 
vidual switches, but the Tynemouth Corporation rules that : 
“Tumbler switches to be ох when the handle is DOWN- 
WARDS.” Now this is a matter that neither affects the fire 
risk nor the conditions of supply, but 15 an argument for 
uniformity, and on that account the rule is not without 
merit. But other people may also have views on this 
subject, and, if the North-Eastern Railway Company wire 
any of their stations or premises апа become customers of 
the Tynemouth Corporation, the Corporation engineer will 
probably find all the tumbler switches arranged upside 
down. The convenient rule of the North-Eastern Railway 
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Company is: Switch up, light up; switch down, light 
down." 

The Institution of Electrical Engineers did a. very ques- 
tionable thing in specifying ventilated fuse boxes. Rule to 
reads that the covers of all fuse boxes should be efficiently 
ventilated, so as to avoid fracture by the sudden expansion 
of the air within them at the time the fuse melts, the covers 
being arranged to catch and retain the fused metal. Ceiling 
roses are not mentioned under this rule, but logically а 
ceiling rose containing a fuse should comply with the same 
conditions as а fuse which 1$ not a ceiling rose. Ceiling 
rose covers have been known to burst on the fuse blowing 
owing to a short circuit in the flexible or in the lampholder. 
This might very easily start a fire in а cotton spinning ог 
weaving mill, where the ceiling roses are fixed immediately 
over the looms or mules. The fault of this rule, however, 
is in specifying “ventilation” instead. of demanding that 
the fuse cover shall not burst due to the blowing of the 
fuse. What has happened is this: not onlv do station 
engineers refuse to pass non-ventilated fuses, but some 
manufacturing firms have seized the opportunity to patent a 
ventilated fuse, which, according to their travellers’ stories, 
is the only fuse that will not burst, and at the same time 
will not permit the fused metal to escape. А rival firm has 
a fuse that is not ventilated, апа does not require ventila- 
tion, and cannot be made to burst, explaining that а fuse 
does not burst by expansion due to the fuse blowing, but 
by the expansion and heat due to the arc started inside the 
fuse box by the tin vapour. If all terminals are embedded 
in porcelain in such a way as to leave the minimum suríace 
exposed, an arc will not start and the fuse cover will not 
burst, Q.E.D. This, then, is one of the minor results 
due to a too precise laying down of the law relating to 
fuses. 

Another of the contractors’ worries is that, not content 
with specifying the nature of the fuse box itself, some 
engineers have fads on the kind, of fuse metal to be used. 
In Tynemouth, the fuse wire preferred is “fine copper 
strand," and must have a clear length of 13 in. ; whilst in 
Chelsea a branch fuse must consist of a single strand. of 
pure tin, not larger than No. 28 S.W.G., preferably 
soldered to copper terminals—not an easy thing to do, by 
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the way—and should lie in а fuse chamber lined with 
plaster of Paris, length of break 1} in. Glasgow апа Edin- 
burgh specify tin, preferably with copper ends; Bury frefers 
fine copper strand. 

It is unnecessary to refer in detail to all the minor 
differences that occur in the various rules, most of these 
may be seen in the schedule. Attention may be called, 
however, to the requirements as regards ceiling roses; under 
some conditions they must contain fuses, under others they 
must not, whilst Mr. Pigg, in his paper already referred to, 
mentioned that he had heard but had not seen a specifica- 
tion which called for double pole fuses in each ceiling rose. 
The specification certainly did exist, and the installation 
was carried out under the writer's superintendence. 


MOTORS, ETC. 


More important, however, are the differences in the 
requirements concerning motors and their regulation, the 
earthing of motors and heating appliances, and the insula- 
tion resistance required for a complete installation. Ас- 
cording to the Institution rules, dynamos and motors start- 
ing and regulating resistances, and switches, must be 
spaced 12 inches horizontally and 4 feet vertically from 
woodwork or inflammable material. This rule is copied 
verbatim into the Glasgow rules, and is, of course, under- 
stood to be embodied in all those rules which are stated to 
be additional to those of the Institution. Notwithstanding 
this, in many of the rules the figures are varied іп accord- 
ance with the fancy of the engineer for the time being. 
Blackpool rules, after stating distinctly that the rules of the 
Institution are to be strictly adhered to, give the distance 
as I8 inches, and this distance would presumably pass the 
Corporation Inspector, who, however, would prefer to see 
the resistances hung outside of the building! The Edin- 
burgh rule is to the eflect that resistances must not be fixed 
on or near Woodwork, but should be fixed to brick or stone 
walls, and be so mounted that they stand 6 inches from the 
wall. Surely there is no risk of a resistance burning a brick 
or stone wall down. The Liverpool Corporation rules 
stipulate that resistances shall be 6 inches from woodwork, 
whilst the Reading Supply Company specify 18 inches, 
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although the Institution and fire office rules are also to be 
complied with. 

Arc lamp resistances are more leniently dealt with by 
the Institution, although it is not obvious why they should 
be considered less dangerous than motor resistances. 
Probably the argument is that motor resistances are 
generally larger than those for arc lamps. On the other 
hand, arc lamp resistances аге frequently grouped in one 
place, whereas a motor starting resistance is generally fixed 
singly alongside the motor, so if this be the argument it 15 
not a very strong one. Whatever the reason may be, the 
fact remains that, according to the Institution of Electrical 
Engineers’ rules, arc lamp resistances should be 6 inches 
from woodwork horizontally and 2 feet vertically, which is 
just half the requirements for dynamcs, motors, ог their 
resistances. Now it is pertinent to ask why the Institution 
should be more stringent upon a purcly fire risk question 
than are any of the fire office rules. Surely the fire offices, 
with all their experience, have fixed a safe limit. Now 
what are the fire office rules on this subject. The Phoenix 
rules stipulate that any woodwork near a dynamo, motor, 
or resistance should be protected by fireproof material, but 
no distance is named. The Liverpool, London and Globe 
Insurance Company prefer that resistances should be on a 
brick or stone wall, isolated from inflammable material, no 
distance being stated. The London and Lancashire Fire 
Insurance Company, whilst giving the same distances as 
the Institution rules, recognise the absurdity and practical 
impossibility of the latter; they realise that in practice 
neither a dynamo nor a motor can be raised 4 feet above 
the floor (if the latter happen to be wood), except in rare 
cases, so the word “ unprotected ” is inserted, making the 
rule read common-sense. Thus: “ Dynamo to be placed 4 
feet vertically from any unprotected woodwork.” But the 
obvious course is to protect it, so the next rule reads: 
“Dynamos to be placed on a sheet of metal of suthcient 
size to protect the floor when fixed on a non-hreproof floor.” 
The same rule applies to all resistances, whether for motors 
ог arc lamps. These, rules, whilst being based on those of 
the Institution, are amplified and made more definite. 

The Hand-in-Hand Fire Office requires that dynamos 
shall not be placed within 12 inches of any unprotected 
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the way—and should lie in a fuse chamber lined with 
plaster of Paris, length of break 14 in. Glasgow and Edin- 
burgh specify tin, preferably with copper ends; Bury prefers 
hne copper strand. 

It is unnecessary to refer in detail to all the minor 
differences that occur in the various rules, most of these 
may be seen in the schedule. Attention. may be called, 
however, to the requirements as regards ceiling roses; under 
some conditions they must contain fuses, under others they 
must not, whilst Mr. Pigg, in his paper already referred to, 
mentioned that he had heard but had not seen a specifica- 
tion which called for double pole fuses in each ceiling rose. 
The specification. certainly did exist, and the installation 
was carried out under the writer's superintendence. 


MOTORS, ETC. 


More important, however, are the differences in the 
requirements concerning motors and their regulation, the 
earthing of motors and heating appliances, and the insula- 
tion resistance required for a complete installation. Ас- 
cording to the Institution rules, dynamos and motors start- 
ing and regulating resistances, and switches, must be 
spaced 12 inches horizontally and 4 feet vertically from 
woodwork or inflammable material. This rule is copied 
verbatim into the Glasgow rules, ang 1s, of course, under- 
stood to be embodied in all those rules which are stated to 
be additional to those of the Institution. Notwithstanding 
this, in many of the rules the figures are varied іп accord- 
ance with the fancy of the engineer for the time being. 
Blackpool rules, after stating distinctly that the rules of the 
Institution are to be strictly adhered to, give the distance 
as 18 inches, and this distance would presumably pass the 
Corporation Inspector, who, however, would prefer to see 
the resistances hung outside of the building! The Edin- 
burgh rule is to the effect that resistances must not be fixed 
on or near Woodwork, but should be fixed to brick or stone 
walls, and be so mounted that they stand 6 inches from the 
wall. Surely there is no risk of a resistance burning a brick 
or stone wall down. The Liverpool Corporation rules 
stipulate that resistances shall be 6 inches from woodwork, 
whilst the Reading Supply Company specify 18 inches, 
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although the Institution and fire office rules are also to be 
complied with. 

Arc lamp resistances are more leniently dealt with by 
the Institution, although it 15 not obvious why they should 
be considered less dangerous than motor resistances. 
Probably the argument is that motor resistances аге 
generally larger than those for arc lamps. Оп the other 
hand, arc lamp resistances аге frequently grouped in one 
place, whereas a motor starting resistance is generally fixed 
singly alongside the motor, so if this be the argument it is 
not a very strong one. Whatever the reason may be, the 
fact remains that, according to the Institution of Electrical 
Engineers’ rules, arc lamp resistances should be 6 inches 
from woodwork horizontally and 2 feet vertically, which 15 
just half the requirements for dynamcs, motors, or their 
resistances. Now it is pertinent to ask why the Institution 
should be more stringent upon a purely fire risk question 
than are any of the fire ofhce rules. Surely the fre offices, 
with all their experience, have fixed a safe limit. Now 
what are the fire office rules on this subject. The Phoenix 
rules stipulate that any woodwork near a dynamo, motor, 
or resistance should be protected by fireproof material, but 
no distance is named. The Liverpool, London and Globe 
Insurance Сотрапу prefer that resistances should be on a 
brick or stone wall, isolated from inflammable material, no 
distance being stated. The London and Lancashire Fire 
Insurance Company, whilst giving the same distances аз 
the Institution rules, recognise the absurdity and practical 
impossibility of the latter ; they realise that in practice 
neither a dynamo пог a motor сап be raised 4 feet above 
the floor (if the latter happen to be wood), except in rare 
cases, so the word “ unprotected " is inserted, making the 
rule read common-sense. Thus : * Dynamo to be placed 4 
feet vertically from any unprotected woodwork.” But the 
obvious course is to protect it, so the next rule reads: 
“Dynamos to be placed on a sheet of metal of suthcient 
size to protect the floor when fixed оп а non-fireproof floor.” 
The same rule applies to all resistances, whether for motors 
or arc lamps. These, rules, whilst being based on those of 
the Institution, are amplified and made more definite, 

The Hand-in-Hand Fire Office requires that. dynamos 
shall not be placed within 12 inches of any unprotected 
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combustible material other Шап their seating, thus recog- . 


nising what apparently the Institution forgot, viz, that a 
dynamo could not be fixed in mid-air, but must have a 
seating of some kind. Тһе same rule applies to resistances. 
The Royal Insurance Company's rule on the subject is 
practically the same as that of the London and Lancashire 
Company, and these are the only rules the writer has seen 
which give diagrams of connections, and photographs of 
apparatus to illustrate and amplify the text. 

It will be seen from the foregoing remarks how diverse 
and unpractical are the requirements both of the Institution 
and Supply rules, and how very wide of the mark they are 
in dealing with simple questions of fire risk. What could 
be more absurd than the rule that all motor resistances 
should be on brick or stone walls, except the suggestion 
that they should be placed “outside of the building.” 
Imagine for a moment a large printing establishment, 
employing upwards of тоо motors, each provided with а 
starting switch, and separate regulating switch. It is neces- 
sary that the starting and controlling switches should be 
near the machines, and, assuming the switches to have on 
the average то steps, it would be necessary, if the resistances 
are placed on the walls, to run at least 2,000 connecting 
wires between the machines and the walls. Apart from the 
practical difficulties involved, the fire risk from 2,000 wires 
would have also to be considered. [n Glasgow and Edin- 
burgh only four wires are allowed on one tube, so that in 
.addition to the tube carrying the supply wires, there would 
be at least 5 other tubes radiating from each machine to 
the sides of the building, or say about 600 tubes altogether. 

Another rule, made only to be broken, is that which 
limits the temperature of the resistance coils of starting 
switches and arc lamps to 212 degrees Fahr., *even if left 
continuously in use.” Now a starting resistance never is 
left continuously in use, unless it is designed to act also 
as a regulating resistance. Why, therefore, should it be 
designed to meet conditions that will never occur, or why 
should a consumer be forced to pay double the necessary 
price for a starting switch ? Starting switches are generally 
so designed that it is impossible to leave them іп an inter- 
mediate position, that is to say, in a position in which a 
current could pass through the starting coils. And, it is 
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safe to say, that any of the regular patterns of starting 
resistances, of which there аге many thousands in use, 
would burn out if the normal motor current were passed 
through for say 10 minutes, and most of them would burn 
out in less than three minutes. Not only are starting 
resistances not designed for continuously carrying the 
current, but the same applies to the contact plates of the 
switch, and it would be illogical to increase the current- 
carrying capacity of the one and not the other. What the 
rule amounts to, therefore, is, that all starting switches and 
resistances should be large enough to serve as speed regu- 
lators, which would practically double the cost, and be 
provided with abnormally large resistances even for speed 
regulators. Many people seem to lose sight of the fact that 
the function of a resistance coil is to dissipate energy т 
the form of heat, and that it would be, if not impossible, 
exceedingly inconvenient to provide space in most cases for 
the enormous coils that would be required if low tempera- 
tures are insisted upon. Why! the temperature of unpro- 
fected steam pipes and connections in Central Generating 
Stations is very considerably higher than is permissible for 
protected resistance coils in the same room by this rule. 

In connection with motor work there are quite a 
number of rules that need standardising. First is the ques- 
tion of the maximum starting current permissible. It is 
apparent from the rules that the distributing mains in many 
towns are cut so fine that any current over 5 amperes 
suddenly switched on to one circuit is sufficient to disturb 
the pressure in neighbouring circuits. It does not seem 
quite fair to the motor user that he should have to pay for 
complicated and expensive apparatus for the sole purpose 
of enabling the suppliers to cut down capital outlay іп 
cables for lighting purposes. If switching on or off the full 
motor current causes a disturbance in the neighbouring 
lighting circuits, surely it 1$ the business of the supply 
authorities to lay down separate mains for power purposes. 
Many of them specify that separate circuits shall be run 
for motors and lighting inside the consumers’ premises, а 
matter quite outside their province, yet, in addition to this, 
they impose vexatious restrictions on the motor user to 
enable themselves to use the same supply circuits for both 
motors and lighting. But to come back to the want of 
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uniformity in the requirements. These vary from a starting 
current not exceeding the normal full-load current on the 
City of London mains, down through various stages to a 
starting current not exceeding 5 amperes on the Glasgow 
and some other towns' mains. Мог are the rules always 
consistent even іп the same district. On the Chelsea sup- 
ply, a 3 H.P. motor may, on starting, exceed its full-load 
current of 25 per cent, say 16$ amperes. On the same 
supply, if a motor exceed 3 H.P., its starting current must 
not exceed то amperes, nor increase in steps exceeding 
5 amperes each. On the Manchester Supply, no motor 
must take more than ro amperes when first switched on, 
nor increase in steps exceeding то amperes. Оп the same 
circuit, а Io-ampere arc lamp may, on striking, take 18 
amperes, and a r5-ampere arc 27 amperes, whilst an arc 
requiring normally more than 15 amperes must have а 
graduated starting resistance limiting the starting current to 
IS amperes, and any additional current to ro-ampere steps. 
In Manchester, therefore, the extraordinary condition exists 
that a motor, no matter how large, must not take a starting 
current of more than, roughly, one-third of the current 
permitted to а 15-ampere arc lamp, and а то-атреге lamp 
may take a larger starting current than a 20-ampere one. 
In Glasgow the starting current must not exceed 5 amperes 
nor increase in more than 5-ampere steps ; in Carlisle and 
other towns using the same set of rules the starting current 
must not exceed 5 amperes, and the additional steps must 
not cause disturbance to the lighting circuits. Many rules 
permit 10 amperes starting current with the same subse- 
quent conditions as the last named. А fair proportion of 
the rules call for a mechanical device or overload cut-off to 
prevent too rapid starting. Any ordinary overload device 
would fail to pass the Manchester test of pushing the start- 
ing switch suddenly over all the contacts to “full on," аз 
the current will considerably exceed the limit before the 
inertia of the knock-off permits the switch to break circuit ; 
nothing, therefore, but a slow motion gear will meet the 
case. But, when all the above conditions have been 
complied with, nothing can prevent the motor current, 
during normal working conditions, from continually vary- 
ing through far wider ranges than ro amperes. А motor 
driving a printing machine will not only suddenly fall from 


Я Us 
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full load to zero, but will at times actually fall beyond this 
and act as a dynamo and put current back into the mains, 
owing to the inertia of the machine connected with it. A 
motor driving а pair of cotton spinning mules will vary 
instantly from light load, say 10 amperes up to 200 amperes, 
and then quickly fall to 40 amperes, and then back to light 
load, and will repeat this cycle every few seconds. A 
motor driving a heavy planing machine may vary between 
30 and 9o amperes every few seconds, yet in both the latter 
cases the starting up could comply even with the Glasgow 
conditions, as the motor would start on a loose pulley. Or, 
take the case of a newspaper printing machine absorbing 
go H.P. It must be possible to stop the machine instantly 
from any part of the machine, and it is not obvious why 
starting should be more detrimental to neighbouring lamps 
than stopping. To the uninitiated it would seem that the 
Opposite is the case. 

The Board of Trade rules are too well known to need 
repetition in full here. Ав has already been mentioned, on 
circuits of 250 volts and upwards all lines forming the 
connections to motors, or otherwise, must be completely 
enclosed in metallic casing as far as practicable, the casing 
being efficiently connected with earth. | Each motor to 
have a switch under the control of the attendant by means 
of which all pressure can be cut off from the motor or from 
any apparatus in connection with it. Fuses on each pole to 
be provided. All switches and cut-outs to be so enclosed as 
to prevent danger from shock or fire. Тһе above is a brief 
summary of the Board of Trade requirements, and it is 
interesting to observe how these apparently simple rules 
have been interpreted by different people. To take the 
enclosing and earthing first. Whilst in some localities 
it has been found that the ordinary steel tubing, known 
as “ Simplex" or “Crown tubing," meets all the require- 
ments for enclosing cables without any special bonding 
of joints, in others it is required that each joint should 
be bonded or that an earthed bare copper wire shall be 
enclosed throughout the full length of the tube, whilst 
in other places nothing but screwed gas-piping is passed. 
Then, as to the method of earthing. | Іп Bristol all casings 
and frames, whether of motors, wires, switches, or resist- 
ances, must be earthed with a wire capable of carrying 
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ten times the fusing current of the main fuse. In Bury, 
Glasgow, etc., the earthing wire must be equal in section to 
the conductor ; in Carlisle, Grimsby, West Hartlepool, 
York, and other towns which have adopted the same set of 
rules, all motors are to be efficiently insulated from earth. 
This rule may refer to the windings of the motors and not 
to the frames, but nothing further is specified. In 
Edinburgh, the frames of all motors, whether 230 or 
460 volts, must be earthed. In Manchester, all motors, 
whether on the roo, 200, or 400-volt circuits, are to be con- 
nected to earth with a copper conductor, equal in section to 
the motor conductor, but need not exceed ro square 
millimetres. — Resistances on 400-volt circuits to have 
metallic covers connected to earth. Іп Reading, the 
switches as well as the wire on 400-volt circuits are to 
be enclosed in earthed metallic sheathing. Іп Sunderland, 
the frames of 400-volt motors must be earthed by a cable 
not less than 7/18, quite regardless of the size of the motor. 
It would appear from the foregoing, that the almost general 
feeling among station engineers is that the Board of Trade 
rule as to enclosing and earthing applies to cables, switches, 
and resistance frames, as well as to motors, but, Glasgow 
again forms the notable exception, and insists on all 
resistance frames being insulated from earth. 

The various other points in connection with motor work 
would occupy too much time to specify in detail. It might, 
however, be noted that some of the London companies 
specify that motors must be shunt wound. This is certainly 
not the best for a very variable load, even from the Supply 
Company's point of view ; whilst some specify that the 
shunt sball be broken on an inductive resistance, which 16 
contrary to ordinary practice. The County of London, and 
Brush, are exceptional in asking for a single pole switch 
only, which is to be on the positive pole which forms the 
inner wire of the Company's mains. Possibly the reason 
for this is that the outer is earthed, and, if this be so, it is 
interesting to note, as the rules stipulate that all work must 
be carried out in accordance with the rules of the fire offices, 
that the Phoenix Office has a rule to this effect, “ Switches 
and cut-outs should always act on the internal (or live) wire 
when the system is earthed," followed by the characteristic 
and amusing saving clause, “ but switches and fuses may be 
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required on the other wire should the technical adviser 
to the fire office consider it advisable.” The Supply Com- 
pany further requires a switch and fuse on each main, near 
the point of supply, and, on the same subject, one of the 
Phoenix rules on page 15 reads, “ when one main of a high- 
tension system is earthed, that main need sot have a cut- 
out" Then, of course, the saving clause comes in, “ unless 
required by the technical adviser of the fire office.” On 
turning to page 28, another rule reads, “if one pole of a 
supply system be ‘earthed,’ each conductor must still have 
a switch and cut-out at its point of entrance into the 
consumers’ premises, then, with really praiseworthy 
consistency, the usual exception, “unless permission to the 
contrary be given, etc.” 

Upon the question of earthing, Manchester Ваз 
exceptional rules. Every radiator, including stoves, hot 
plates, ovens and cooking apparatus generally, must be 
earthed. In the case of portable apparatus this means a 
triple flexible conductor, and special 3 connection plugs and 
sockets. Electric kettles or other portable heaters must 
stand at least 6 inches above a table or anything com- 
bustible, and if electric irons and curling tongs come within 
the definition, electric laundry work is impossible in the 
Manchester district, and ladies must still depend upon 
the uncertain spirit lamp or gas jet to heat their tongs. 

Without referring to the question of insulation resistance, 
upon which subject Mr. Pigg has dealt so exhaustively, 
the writer hopes he has said enough to awaken in the 
members some sense of the great need that exists for 
one definite and comprehensive set of rules, rules which 
shall be self-luminous, needing no interpreter, rules that the 
wayfaring man, though а” jerry wireman, сап understand 
and work to, and rules therefore that may be enforced. 

Newcastle has ever been in the van in the March of 
Progress, and we of this section of the Institution must see 
to it that we worthily uphold the tradition. We must aim 
at being foremost among the local sections in everything 
that makes for the advancement either of the commercial or 
scientific interests of the industry with which we are all so 
proud, and justly proud, to be associated. 

If, by our voice and influence, we can hasten the dav 
when uniformity shall reign, even only in the matter ot 


Мг. 
Turnbull. 


Mr. Moir. 
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wiring rules, we shall have done not a little to justify 
our existence. 


Мг. C. TURNBULL : The writer of the paper appears to think that 
standardisation may mean stagnation. I think, however, that there is 
little to fear from this, as standardisation really means that change is 
only made in the interests of progress instead of in a haphazard fashion. 
The business firms who standardise most are almost always the most 
progressive. I will first of all answer some of the criticisms on the 
Tynemouth rules. The writer of the paper objects to the rule that 
switches should be оп the red wire. Му reason for this is to ensure 
that switches shall be on the live wire of our three-wire system, so that - 
if a switch be off, the fitting connected to it will be dead. The rule is 
convenient to remember—red wire danger wire ; black wire neutral or 
dead wire. With regard to the writer's idea that the station has no 
right to object to a heavy drop of pressure іп a consumer's premises, 
he here exposes himself to the suggestion that he is backing up the 
* jerry-wirer." Certainly the station has a great deal to do with the 
proper wiring of consumcer's premises. I knew of one case, for 
instance, where a large shop was wired on the heavy-drop system, and 
the owner of this shop never ceased to write strong letters to the 
engineer of the station. Не also created discontent amongst other 
consumers and prospective consumers, and I am not sure if eventually 
he did not put down his own plant. Furthermore, too little copper 
means heating and danger of fire. The consumer must be protected in 
the present state of matters, and the station engineer is the only one 
who can protect him. With regard to the insulating of switch handles, 
I have known cases where you could not switch on the light without 
getting a shock. 

With the spirit of the paper, however, I am in entire svmpathy. I 
think it would be a very excellent thing if we could have in house- 
wiring something akin to Lloyds’ rules in shipping. Some three or four 
specifications could be drawn up to suit all classes of work, from cases 
where only the very highest quality was required, down to cases where 
work of the cheapest kind consistent with safety was aimed at. When 
a wiring firm contracted to wire a building, they could state on which 
specification they were tendering, so that every one would be on 
equality. Laws need administrators, and to carry out this idea properly 
it would be necessary to have a laboratory—preferably in charge of the 
Institution—which would examine and pass all suitable fittings, giving 
them a certificate that they could be used under a certain specification. 
I think that the expense might be easily met by contributions from the 
various stations, and also by fees from the manufacturers for testing 
fittings. Jerry-wiring firms wonld be put on the black list if necessary. 
All disputes could be referred to this department. By means such as 
this, I think that standardisation and progress could be assured. 

Мг. ALEx. Moir: Before referring to a matter dealt with in the 
Fire Office rules, I would like to support Mr. Turnbull in his contention 
that the use of distinctive colours for positive and negative leads is a 
real advantage. Certainly, whatever may be the practice in electric 


AUTHORITY. | GENERAL. 


Рһсепіх Fire Office, | 
3oth Edition, 1900. | 


This Company passes Installa- 
tions when wired in accord- 
ance with these rules or 

| those of the I.E.E., or those 
of the Supply Company. 


London, Liverpool, and Globe 
Insurance. 
1900 Edition. 


| 

| The Rules apply to Lighting 

| Installations at a pressure 

| not exceeding 250 volts. 

| 

| See * Special Risk" supplement 
for 500 v., also for Theatres 
and hazardous risks. 
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MAIN SWITCHES. 


House mains to have a switch 
on each pole coupled to- 
gether ; also fuse on each 
wire. This applies to any 
building where current is 
generated externally. 


Dynamos, batteries, and motors 
to have switch and cutout on 
both poles. 


Requirements generally similar 
to Phoenix. 


Main switches preferably 
coupled together. 

Main fuse on supply side of 
main switch. 


CUTOUTS. 


Length of break т inch for 100 
volts. 


Length of break 12 inch for | 
‚ Switches and cutouts on each | 


100—200 volts. 


! 


Cutout on each pole if 200 volts | 


and over, and on all principal 
branches. On roo-volt cir- 
cuits, if 5 А. distributing 
circuits used with fuses on 
each pole, no further fuses 
needed. 


Nofuses necessary onan earthed . 


main, unless required by Fire 


Office. 


| A fuse on middle wire of a 3- 


wire system may be larger 
than others. 


Each regulating cell of ‘battery 
to have a cutout as near cells 
as possible. 


Length of break to be sufficient 
to prevent permanent arcing. 


& 
under same cover at 
voltage and must not be if 
over 130 volts. 


-- 


Length of break if over 130 volts | 


varies 14 inches to 6 inches. 


BRANCH CIRCUITS AND 
SWITCHES. 


3-ampere circuits recommended 


on 100 Volts and 23 amperes | 


on 200-volt installations. 
pole of motors, heaters,ovens, 
and the like. 


Separate circuits for lighting, 
motors, and heating. 


| О.Р. Switch and cutout for 


fuses should not be | 
any | 
IO-ampere circuits recommen- 


heaters, “cookers, “ete, at 
junction of flexible con- 
ductors. 


ded up to 130-volts. 
5 ampere circuits over 130 volts. 
Grouping of cutouts advised, 


For 500-volt motors magnetic | 
| such places О.Р. cutouts not 


| allowed. 


blow-outs preferred. 


No cutouts in Accumulator 


Rooms. 


particularly in mills, ware- 
houses, and the like. In 


WIRING 


| WALL SOCKETS, CEILING ROSES, 


LAMPHOLDERS, ETC. 


No fuses in ceiling roses on 200 
voltsandover. Ceiling roses 
to be fixed to back blocks. 


Key sockets not allowed without 
permission. 

Celluloid shades not allowed. 

Floor sockets ditto. 


Heating socket terminals to be 
automatically covered when 
. plug is withdrawn. 


No portables or flexibles to be 
used in shop windows. 


Terminals of sockets for heat- 
ing, etc, appliances to һе 
protected when not in use 
and to be marked with the 
current they are designed for. 


Lampholders not to be used as 
wall sockets. 

No fuses in ceiling roses or 
sockets over 150 volts. Ceil- 
ing roses, switches, and the 
like not to be fixed direct to 
walls or ceilings but on wood 
blocks. (See special supple- 
ment for hazardous risks.) 
In cotton stores incandescent 
lamps to be protected by 
thick outer globes. 


Switch lampholders not allowed 
in pattern stores. 


RULES. 


CONDUCTORS. 


| Т,ОСО amperes per square inch up to 


Ioo amperes. To be copper 98 per 
cent. conductivity ; all above No. 16 
s.w.g. stranded. 


Minimum size for lighting No. 18: for 
telephones No 20. (Copper not 
obligatory in all cases.) 


Permission to be obtained for con- | 


centrics. 
Insulation vulcanised — indiarubber 
unless permission to contrary. 


500 megohms per mile for dry places. 
1,000 megohms per mile for damp 
places. 


For incandescent lighting :— 
1,500 amperes per square inch up 
{0 10 amperes. 
1,000 amperes per square inch, 10 
amperes up to тоо amperes. 
800 amperes per square inch over 
100 атрегез. 


For arc lamps, motors, heating, etc. :— 
I,000 amperes per square inch up 
to 50 amperes. 
800 amperes per square inch over 
50 amperes. 


Stranded below 18 and above I4 s.w.g. 


No 18 to be smallest area. 

Insulation other than vulcanised India- 
rubber to be submitted for approval. 

Minimum insulation resistance 300 


megohms per mile, for 500 volts in- | 


sulation resistance, 1,000 megohms 
per mile. 
In salted produce stores, conductors to 


| 


be lead covered and put in iron pipe. | 


Special rules re bare conductors for 
cranes, etc. 


| 
| 


| In 


| т 


CASING, ЕТС. 


Iron or other approved tubes ог wood 
casing. 

hazardous risks wood casing must 
be treated with fireproof paint, and 


in cell rooms with acid proof com- | 


pound. Conductors may be bunched 
in iron tubes but not in wood 
casings. 


Conduits, wood casing, insulators, metal 
clips, wood cleats, depending upon 
nature of building. 

Wood casing or cleats should be treated 

before erection with waterproof 

paint or varnish. 

false roofs, beneath floorboards, 
where liable to become wetted, if 
wood casing used the + and — 
conductors should be in separate 
casings. 

permanently damp places, wood 

casings not approved, unless lead- 

covered wires used. Casingindamp 
places to be blocked out at least 

4 in. from walls or ceilings. 

Twin flexible may be used in fireproof 
tubing. 

For 500 volts. If conductors not 
armoured concentric must be in 
metal conduit equal to w.i. gas 
piping which must be earthed. 


| 


MOTORS AND DYNAMOS. 


If placed in any work-room where a 
hazardous process is carried on, 
motors must be placed in a fire- 
proof compartment, ventilated only 
to the outside air and not into the 
building.* 

Resistances to be inside the above 
compartment. 

Metal cases not to be used to cover a 
motor if such cause undue heat 
or danger of shock. 

In some cases, above precautions un- 
necessary, so details should be sub- 
mitted to Fire Office. 

All motors to be safe distance from 
unprotected woodwork. Motors to 
be well insulated from earth. 

Separate circuit to each motor and 
switch on each pole. 

Starting switch to have no voltage and 
preferably overload cutout. 

Resistances enclosed in metal case or 
box. Frames of motors over 200 
volts to be earthed. 

V. A. and speed to be on name plate. 


* This rule together with the others issued 
by the Fire Offices Committee are printed in 
full in the London, Liverpool and Globe Rules, 


In working-rooms to be of enclosed 
type, wood covers over open type 
motors not approved. D.P. switch 
and cutout to each motor, also 


regulating switch so arranged that | 


the D.P. switch only is used to cut 
current off. Regulating switch to 
have automatic release. 

Name plate on motor with V. A. and 
Revs. 

Terminals to be guarded, large un- 
enclosed motors to be provided 
with a. w.p. cover for usein case of 
fire to prevent damage by water. 

An ammeter should be used on motor 
circuit installations. 


Á (ше 


ARC LAMPS, COOKING, 
HEATING, ЕТС. 


Resistances to be in metal boxes. 
Naked arcs not allowed in doors. 


Arcs not to be used in drapers’ shops 
without permission. 


(V. branch circuits.) 


Generally similar to Phoenix (v. branch 
circuits). 

Cooking and heating appliances to be 
raised 2 inches from table. 


Arc lamp resistances to be fireproof 
and wood-work in vicinity to be 
protected with asbestos. 


Resistance not to be in lamp case in 
wood-working stores, shops, etc. 


INSULATION TESTS. 


230 volts continuous and under Test at 
100 volts between wires and also to 
earth 124 megohms per light. 


Alternating 25 M. minimum: I.R. fora 
power installation up to 400 volts 
must not be less than one megohm. 


Leakage at any time not to exceed 
зоо when tested at 200 volts or 
at double the working volts either 
between conductors or to earth. 
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AUTHORITY. 


Institution of Electrical 


gineers, 1807. 


En- | 


GENERAL. 


Rules are such as may be strictly 


enforced to ensure freedom 
from fire risk, extinction, 


` failure of supply, or danger 


to person, combined with 
economy of installation and 
maintenance. 


MAIN SWITCH AND 


FUSE. 


Switchboards, front connections 


preferred. 


BRANCH SWITCHES, FUSES, 


AND CIRCUITS. 


5A.circuitsrecommended. Idea: 


system ; separate circuit to 
each lamp. 


Fuses to be so designed that a | 
intended | 


larger fuse than 
cannot be used. 


Fuses to be ventilated to avoid 


fracture ; the covers to catch 
and retain the fused metal. 


| CEILING ROSES, PLUG Сох- 


NECTORS, AND LAMPHOLDERS. 
| 


| 

| С.В. need not have fuses if there 
is already in the circuit a fuse 
small enough to protect the 
Hexible; sockets—ona system 
with 5 A circuits and fuses 
on each pole, no need for 
| fuses in sockets. 

| If exceeding 5 А. on circuits up 


| 
| 
| 


| 


up to 250 V. sockets should 
have fuses. 


to I25 V., or 3 A. on circuits | 


| 


| 
| 


| 


CONDUCTORS. 


Density, such as not to cause a rise in 
temperature of more than 30 degs. 
Е. (Table of sizes given.) Н.С. 
copper 100 degs. 

Conductivity standard :—' А copper 
wire weighing тоо grs. 100ins.long 
= ‘1516 ohm. at бо deg. Е.” 

Insulation Resistance, rubber covered, 
300 megohms to 1200 megohms, ac- 
cording to size (known ав 300 
megohm class). 

Lead-covered paper and fibrous cables 
to stand a test of 2,500 volt. alt. 
40 to 100 for 10 minutes after 
bending as described ; flex cords 
to stand 1000 volt. alt. 40 to тоо 
periods applied between two con- 
ductors whilst within 3 feet of a 
pan of boiling water, and exposed 
to the vapour. 

Smallest section, No. 18 s.w.g. 

Standard above, No. 14 


2» 


CASING. 


Draw-in system with incombustible 
tube preferred to casing. 
Bunching permitted in draw-in system. 


| 


| 


| 
| 
| 


DYNAMOS, MOTORS, AND 
ACCESSORIES. 


Dynamos and motors, starting switches, 


Arc LAMPS, HEATING APPARATUS, 


| 
| 


etc., to be spaced 12 inches from 
woodwork, measured horizontally, 


and 4 feet vertically. Frames of | Resistances. 


dynamos and motors of 250 volts | 


and over to be earthed. 


Coils of resistances not to heat more | 
than 212 degs. F., even if left con- | 


tinuously in circuit. 


| Coils enclosed in ventilated metal cases. | 


65) 


| 
| 
| 


ture. 


| 
| 
‘AND ACCESSORIES. | 


Netted globes : Arc resistances, same 
rule as motor resistances, but only 
half the distance from woodwork. 


See motors for tempera- 


INSULATION TEST. 


To be tested with twice their ordinary 
E.M.F. after one minute’s electri- 
fication : то megohms per ampere 
required. Second test то days. 
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| | | | | 
| | ] А “г IG S I VIE 
AUTHORITY. GENERAL. | VOLTAGE OF SUPPLY. MAIN SWITCH AND FUSE. | ын ОЛ SUNT А RE CONDUCTORS. CASING. MOTORS AND ACCESSORIES. ARG Repro TERMIN CA PEASE [INSULATION TESTS. 
Blackpool Corporation. | Согрогабоп have the right to | 200 volts. One main fuse each pole to be ` Slates not allowed unless soaked I,000 amperes per sq. in. density. Not recommended under any circum- | Resistances 18 inches clear of all wood- | Resistances for arcs, same as for motors. | If vulcanised indiarubber covered 
Issued January, 1 907. | require Contractor to open fixed by contractor. in boiled paraffin wax, stove ‘Copper 98 per cent. conductivity, Mat- stances, and only allowed in face work or inflammable material. | cables not used, no insulation test, 
Received 30th November, 1900. | any joint, remove any casing | Porcelain base r3 inches break. | enamelled, and all holes thiesen’s standard. work. | Preferably on brick walls or outside but tested for at least r5 minutes 
| wire or fittings, and re-instate | One main switch on each pole bushed with ebonite. No section below No. 18 s.w.g. Buried wires to be lead-covered or in the buildings. with 400 volts alternating. 
| at his own expense (whether fixed by contractor. No circuit switch to control Stranded above No. 16 s.w.g. iron pipes, porcelain ducts ог h 
| defective or not). | more than 4016 c.p. lamps, | 2,500 meghoms per mile if vulcanised armoured bitumen tubing outside Insulation resis. to earth ZO SAC BOREAS: 
To be in accordance with rules | unless by written permission indiarubber. If other than vulcan- conductors, or in wet positions to lamps. 
of Fire Offices апа LE.E. | | of engineer, and under such ised indiarubber a high insulation | be lead-covered, or in armoured Arcs and motors each equal to ro lamps. 
Corporation take no respon- | conditions as he may see fit resistance not recommended, but to | bitumen tubing. 10/6 for second tests. | 
sibility. to impose. be tested with 800 volts alternating | If I.R. of any installation fall below 
Fuse break $ inch. Combined for т hour. standard mentioned above, the Cor- 
switch and fuse not allowed. | poration may disconnect with or 
| | О.Р. switch or fuse notallowed. | | without notice, according to the 
| | | | seriousness of the defect. 
| | | | | 
Bristol Corporation. | The rules are additional to Cor- | 250 volts. up to 5 h.p. D.P. main switch and fuse pro- | То Бе тип inearthed pipe or tube: № Motors to be enclosed type, or enclosed 
Motor Regulations only. | poration ordinary rules, and | 500 volts. over 5 h.p. vided by consumer within | | pipe not screwed, ап earth-wire сар- іп metal cases. All frames of motors, 
Issued 1000. must be observed. | ; one foot of meter, capable of | | able of carrying ro times fusing casings of switches, resistances, and 
| breaking twice the maximum | current of main fuse to be run inside cables to be earthed by a wire cap- 
current required. the pipe. able of carrying то times the fusing 
current of main fuse. 


| | If 2 or more 250 volt motors | 
| totalling over 10 B.H.P. on 
any installation, these to be 
balanced on three-wire sys- 


| 

| Starting switches to limit current to то- 
| | ampere steps; fuses or auto cut- 
| | outs, also minimum cutoff. D.P. 


emergency switch. 


tem. 
АП terminals enclosed. 
| 
UN | uer нее 220 volts. for E I main fuse provided by con- | No branch switch to control | | Copper not literally specified. | Nothing specified in detail. Wires for Frames 440 volts red a wire | Fd rey a to earth.) i 
Received Aoh NOVE ў Wee SS Poe MI 1 D Dd tractor and one by Corpora- more than 10°8 с.р. smallest wire permitted, No. 18, except | 440 volts in screwed piping earthed. equal in section to con uctors. | 10 lamps то megohms. 
ceived 30th November, 1900. | e in accordance with Cor- | 440 volts for 3 h.p. and over. tion. Fuses do. and 14 inch break, in fittings No. 20. Starting switch to have worm wheel 38.5. 4 Жа 
poration Rules, and Fire | preferably of copper strand. Insul. resis., 600 megohms per mile. or other slow motion device. (Same | [X NA 2 м 
Y ite | Vulcanised indiarubber insulation, applies to all apparatus requiring a 215 в 1°33 " 
tractor. If over 60'8 c.p., 2 | | мола. RT SEA MENS е vent 00 4 
7909 | unless engineer sanctions anything large current.) | 10 » 1:00 h 
required. | | else ISO „ 67 е 
| Density 1,000 amperes рег sq. in. 200 , dg. р 
| 300 ” 53 ” 
Arcs ,, I ‘a 
Motor and accessories I " 
| Disconnected if below 5,000 ohms. 
parlisle Corporation, | As West Hartlepool. 230 volts. Main fuse supplied by Corpora- | As West Hartlepool. As West Hartlepool. As West Hartlepool, York, etc. | As West Hartlepool and York. А 
ed December, 1808. | 460 volts for motors over 4 h.p. tion and on no account by | 


Received 31st December, 1900. 
West Hartlepool. 


contractor, ес, etc; аб а: | 
| 


Office Rules. Main switch and fuse by con- 
| 


В, i If more than то yards from ser- | 230volts each side 3-wire system | Main fuse fixed by Corporation. | 2separateswitchboards required | No fuses in C.R. or wall sockets.| Density not stated. | In damp vaults or in open, water- | Frames to be connected to earth. | Arc lamps of large size (current not | Fee for second test, 108. 6d. 
Received N 200; | vice manhole the consumer for lamps. Consumer to provide Р.Р. | on 3-wire system, i.c for | Wall sockets for heating and | Insulation of conductors, dry places, 500 | proofed casing or iron pipes. For insulation test a motor shall be | given), to have resistance to reduce | Testing press, 500 volts. 
November, 1900. to pay the extra length. 230 volt motors to 5 h.p. switch, but no fuses unless lighting installation of over | cooking apparatus to be of a megohms per mile. Damp places, | Metal pipes in concealed places. rated at its equivalent in lamps. rate at which current is thrown on 12 lamps 5 megohms —60 mghms. p. Ip. 
460 2 over 5 h.p. in tenements, where each 25 А., I foot between. | special character. 600 megohms per mile. In plaster | АП pipes connected to earth (not by a | Pilot lamp for motors controlled from or off (nothing specified about lamp | 25 » 25 . =62$ ” 
consumer must һауе a fuse | Fuses onsub-distributing boards | work and walls, 1,000 megohms gas pipe). a distance. blowing out.) Н.Е... =75 2» 
on each pole. 23 inches long and 12 inches | per mile. Through damp vaults | 4 wires can be run in 1 pipe, not more. | Motors requiring over 5 A. starting cur- | Heating apparatus sockets to be special | 75 , 125 , —874 » 
Main fuses to be 4 inches lon apart. | or out in the open, 2,000 megohms | For motors or heating apparatus, wires rent to have a starting resistance character. I00 , I " = 100 á 
2 3 5. No switch should turn on more | per mile. in iron or brass pipe. with mechanical slow motion. | 150^ - “Уба = 112 " 
than 3 amperes. | L. c. wires not recommended. To cause no disturbance in its own or 200 „ 5 , =100 й 
Sub-fuses should not control | neighbouring circuits on starting. е 2275 Ж 
| more than 6 lamps (if 8 c.p. D.P. switch and fuse 6 inches long in s MEC de 5 =60 » 
this is less than 1 A.) | iron case. (Above is presumably I.R. to earth.) 
3 A. cutouts on both poles. | Resistances for motors (or arcs) not to Between wires must in no case be less 
S.P. fuses preferred to D.P., i.e., | be fixed on or near woodwork. . Шап 75,000 ohms. Е 
опе S.P., fuse оп each wire. | Should be on brick or stone walls, If LR. fall below 10,000 installation 
| 6 inches from wall, resistance рго- may be cut off. 


Fuse wire to be tin. 
tected by perforated metal cover. i 
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ARC LAMPS, HEATING APPARATUS, 
AND ACCESSORIES. 


| 
CEILING ROSES, PLUG CONNEC- | COS M 
TORS, AND LAMPHOLDERS. | ONDUCTORS. 


pA Lu RAN W : ) | 5 
AUTHORITY. | GENERAL. VOLTAGE OF SUPPLY. MAIN SWITCH AND FUSE. ые C E BUSES; CASING. MOTORS AND ACCESSORIES. INSULATION TESTS. 


Glasgow Corporation. | Terms and conditions of supply, 250 volts for lighting up to 25 | Main fuse supplied by Corpora- Switchboards, all connections | No fuses in C.R. ; if 3-ampere | Outside in gardens, etc. If vulcanised | Draw-in system preferred to casing. | Motors over Н.Р. to have starter with | Resistances, same rule as I.E.E. Test at 500 volts after one min. electri- 
Dated September, 1900. | for protection of Corporation, : amperes. tion in position determined on front. circuits ventilated covers. indiarubber covered,2,500 megohms No more than two wires of opposite ` no volt release, and overload release fication (to earth). j , 
Received November, 1900. of consumers individually, | 500 volts for lighting 3-wire | Бу Engineer. Noswitch to control more than | No fuses necessary in plug con- | per mile in earthenwareoriron pipe | polarity in any onetube. Noelbows. to act if switch put on too quickly ; 5o megohms per ordinary inc. lamp, 
collectively, Corporation take | system over 25 amperes. In motor installations a separate 10 amperes, and any appar- nectors, if 3-ampere circuits 12inches underground. Preferably | Not more than four wires of same | 1.6. аз quickly as to disturb pressure or 10 megohms per ampere. 
no responsibility. 250 volts for motors up to 5 Н.Р. D.P. switch and fuse within atus requiring more than this used. | lead cover in troughing, run in with polarity in апу one tube. АП wires | of supply. 


5-ampere starting current, 5-ampere 


in wood casing separate. 
steps, slow gear. 4 


bitumen, and covered with bricks | 
Tubes in walls to be filled in with sand 


То be tested at 500 volts ; also | 
or tiles. | 


at 50 per cent. extra current. 


to have a graduated switch. 
Separate fuse to each wire. 


3 feet of Corporation fuse. 2 


| АЛ work must be carried out 
| circults if over 25 amperes | 


‚ 500 volts for motors over 5 H.P. | 


in accordance with general 
rules issued by Corporation. 


Rules not to be taken as a text | 


book for the instruction of 


+ & — on separate bases 
connected together by a link 
and insulating filet up to 


3 ampere circuits preferred, and 
must be used where possible. 
Fuses ventilated, etc., per I.E.E. 


| Interior : Copper 100 per cent. con- 


ductivity. 
Same standard as I.E.E. 


or equal. 


Motor wires in iron pipe, and on separ- 


ate circuits to lighting. 


No wood 12 inches from motor hori- 
zontally or 4 feet vertically above. 
Over 250 volt motors to be earthed with 


wiremen. link or cover. Noconductor | Tin fuse; preferably copper АП conductors stranded, etc., not more copper equal in size to conductor. 
| Rules of Inst. Е.Е. embodied to carry more than тоо amps. | ends. | than roo amperes on any single | Resistance frames to be insulated from 


and amplified. 
Engineer may condemn work 
he considers defective. 


į 


If 2 required, т ft. clear space | 


between them. 
Break of Switches :— 


conductor. 
Minimum size 3:22: 1000 amperes per 
square inch up to 100 amperes. 


earth. 


| Connection free if not exceed- | | Amps. 200 volts. 500 volts. | Insulation may be I.R., or paper, jute, 
ing 6o feet. 5 $ in. TUTO. | etc. 
IO Te ans 2 in. Insulation resistance to be 2,400 meg- 
25 Ij in. 3 in. ohms per mile. 
| 50 2а 4 in. Concentrics to have twice that resist- | 
| 100 23 in. Sin. | ance between conductors, or be- | 
| | 250 SD біп. | tween outer and earth. | 
| | Fuses | Flexibles : Test same as I.E.E. | | 
| 5 Id in. 2 in. | | | 
IO 2 in. 23 in. | | 
| 25 24 in. Бап" | 
| 50 3 іп. 3$ in. | 
| LOO 34 т. 4 in. | 
| | 250 4 in. 43 in. | | 
Grimsby Corporation. | | As West Hartlepool. 


Dated September, 1899. 
Received November, 1900. 


Hull Corporation. 
Dated July, 1806. 
Received November, 1900. 


Liverpool. 
Dated November, 1900. 
Received November, r9oo. 


As West Hartlepool. 
Connection free if not exceed- 
ing 40 ft. 


, As West Hartlepool. 


Instructions for guidance of con- | 


sumers, embodying principal 
requirements necessary to 
ensure safety. 


Corporation accept no responsi- 


bility. 

If required, consumer to enter 
into written contract to take 
energy for two years to a 
value of 20 per cent. per 
annum on the undertaker's 
outlay. 


Insulation to conform to Cor- 
poration Rules and to Fire 
Office Rules. 


| Service lines run free 25 yards 


from distg. mains. 


230 volts and 460 volts. 


B.O.T. Rules given for 460 volt | 


motors. 


Motors over 12 Н.Р. on 460 volt. | 


As West Hartlepool. 


1 


Main fuse provided by Corpora- | 


tion. 

Main switch to be fixed by Con- 
tractor on each pole near 
Corporation fuse, 


| No main circuit or meter to carry 


more than 100 amperes. 


As West Hartlepool. 


Circuits of 20 x 16 c.p. lamps, 
or IO-ampere arc lamp cir- 
cuits. Combined switch and 
fuse prohibited. 


Cutouts not required on branches 


from а 7:22 cable, but cutouts | 
to be put on both poles of a | 


branch circuit, taken from a 
larger conductor than 7:22. 


, Switch to be placed on every 


circuit greater than 7:22. 


| Branch circuits not more than 


12 amperes. 


‚ All fuses to have at least 1% ins. 


clear fuse wire between 
terminals. 

Allswitches, cutouts, and holders 
to have terminals of such a 
size that the full section of 
conductor can be seen from 


front. 


i 


Ceiling roses to have fuses. 
Wall sockets to have fuses. 


No fuses to be placed in any 
switch, ceiling rose, or 
socket, in which both poles 
are under one cover. 

Wall sockets to be controlled by 

separate switch. 

switch lampholders to be 
used on portable fittings, or 
on any circuit of greater area 


Хо 


outs to have 4 т. break, and 
ventilated metal covers. 


As West Hartlepool. 


To be insulated, preferably vulcanised 
indiarubber ; 600 megohms mini- 
mum. 

All conductors less than 18 or larger 
than 16 to be stranded. 

Density 1,000 amperes per square inch. 


Tinned copper: minimum insulation 
resistance 600 megohms per mile. 

Smallest size No. 18. 

Stranded over No. 16. 

Damp places, lead-covered wire to be 
used. 

Circuits of over 230 volts minimum in- 
sulation resistance 1,000 megohms. 


: | On circuits over 230 volts conductors | 
than 722. High voltage cut- | 


to be in iron tubes, earthed or in 
separate wood casings IO inches 
apart. 

Density 1,000 amperes per square inch, 
2 volts drop to furthest lamp. 


As West Hartlepool. 


Grooved wood or other casing. 


Ав West Hartlepool. 


Motors to be insulated from earth. 


Each conductor in separate groove or | Ап approved reg. resistance for start- 


tube. 


Casing on damp walls to have 3 coats 


of paint before fixing. 


ing motors to be provided. 


Casing to be painted, or ireprooftubing | To have fireproof case, unless situated 


used. Іп cellars, 


casing to be 
blocked out half an inch from wall. | 


in separate fireproof portion of 
building. 


Casing may be fixed to walls by | Starting switch to limit starting current 


steel nails of oval section. 


to 10 amperes. 
| Automatic overload, and no volt cutoff. 
| Resistances notto be within six inches 
| of woodwork, preferably on bare 
walls. 


As West Hartlepool. 


Arc A mains to have switch on each 
pole. 

Cooking and heating apparatus to have 
switch and fuse on each pole, and 
must be marked with pressure and 
current required. 

Resistances : (same rule as for motors.) 


As West Hartlepool. 


At 200 volts. 

Insulation resistance must equal 40 
megohms per ampere to earth. 
Between wires not to be less than 

75,000 ohms. 


Fee for 2nd test 5s. 

Corporation have right to cut off supply 
if insulation resistance fall below 
^ limit of safety." 

Motors : Insulation resistance between 
frame and winding — 20 megohms 
per amp. 

Complete installation between mains, 
also from mains to earth 20 meg- 
ohms per ampere. Test pressure 
200 volts. 

| 
| 


NET - 
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AUTHORITY. 


Manchester. 
Dated October, 1899. 
Received November, 1000. 


Newcastle-on-Tyne Electric 
Supply Company. 
Not dated. 


Received November, 1900. 


Reading Electric Supply Co. 
Dated July, тооо. 
Received November, 1900. 


Regulations to be observed by 
consumers and contractors 
will be enforced strictly. 

They are additional to and not in 
substitution of the ordinary 
wiring rules and Inst. of 
Electrical Engineer rules, to 
ensure safe and satisfactory 
supply. 


| Corporation takes no responsi- 


bility. 


| Will refuse to connect up any 


installation not in accordance 
with regulations. 


| Articles, every description, to be 


approved by Corporation and 
certified. Yearly certificates 
given for samples approved. 
Samples in duplicate to be 
submitted, which become 
absolute property of Man- 
chester Corporation. 


| No application for a less period 


than 1 year will be accepted. 

Connection free 60 feet from 
main. 

Deposit of 4/- рег 8 c.p. lamp or 
give security. 

Installations must comply with 
Company's Rules. 


Connections free within 60 feet 


of distributing main. 
May require a deposit 
security. 
Installations must comply with 
Company's Rules, in addition 


Or 


to those of Fire Office and | 


Institute of Electrical En- 
gineers. 

Company accept no responsi- 
bility. 


VOLTAGE OF SUPPLY. 


Lamps up to 24 kilowatts, 100 
volts—1 pr. terminals. 
Lamps 24 to 5 kilowatts, 200 
volts—2 pr. terminals. 
Lamps 5 kilowatts and above 
400 volts—4 pr. terminals. 
Motors— 
Below $ kilowatts, 100 volts. 
Below 23 kilowatts, 200 volts. 
Above 24 kilowatts, 400 volts. 


| 
240 volts for lights. | 
240 volts for motors under 3 Н.Р. 
480 volts for motors over 3 Н.Р. 


100 or 200 volts alternating ; or | 
200 volts c.c. ; or 400 volts for 
motors over 4 H.P. 


MAIN SWITCH AND FUSE. 


Main fuse supplied by Corpora- 


tion. 

Contractor also to fix D.P. 
switch and fuse within 3 feet 
of meter. 

Not required in addition to 
motor D.P. switch in case 


of single motor if motor is 
within r5 feet from point of 
supply. 


+ and — switch connected by | 


insulated link. 


Main fuse to be fixed by Com- 
pany and one by contractor ; 
latter to be set for lower 
current than former. 

2 S.P. main switches and fuses, 

. main fuses 2 inch break. 

If more than an equivalent of 
10032 watt-lamps, to have 2 
circuits, one each side, and 
must be balanced, that is, 
long against long and short 
against short hour lamps. 

Arcs on separate circuit to in- 
candescents. 


I main fuse on each pole to be 
fixed by contractor ; 14 inch 
minimum break ; to break at 
less than Company’s main 
fuse. 

2 S.P. switches with contacts 3 
inches apart, 13 inch break 
fixed on consumers’ side of 
fuse. 


BRANCH SWITCHES, FUSES 
AND CIRCUITS. 


Over 100 volts separate S.P. fuse 
each pole. 

24-ampere circuits on 200 volts 
recommended. 

5-ampere circuits on тоо volts. 

No fuses required beyond distri- 
buting boards. 


No switch to turn off more than 
75°32 watt-lamps on the 240- 
volt circuit. 

No sub-circuit more than four- 
teen 16-с.р. lamps, cutout on 
each pole. 


Arcs and incandescents to be on | 


separate circuits. 


Separate circuits from Com- 
pany’s terminals for 5 kilo- 
watts and over, т.е, each 
circuit to take less than 5 
kilowatts.* 

О.Р. fuses not allowed : #inch 
minimum break for fuses. 
Combined switch and fuse not 

allowed. 

4% This probably refers to lighting cir- 


cuits only, otherwise it limits motors 
to 6 Н.Р, 


CEILING ROSEs, PLUG CoN- 
NECTORS, AND LAMPHOLDERS. 


Not to contain fuses on 200 volts 
circuit. 

Separate ceiling roses for each 
flexible. 

Separate switch for plug con- 
nections if more than I 
ampere: To have terminal 
for earth wire if for heating 
appliances. 


Fuses in wall sockets or ceiling 
roses not allowed. 


| 
| 


CONDUCTORS. CASING. 


Interior: Tinned copper: Vulcanised 
indiarubber 600 megohms. 

Exterior : Tinned copper: Vulcanised 
indiarubber, 2,500 megohms, or 
lead covered, bitumen paper, etc., 
250 megohms preferably armed, 
laid in trough and filled in wit 
bitumen. | 

Flexibles : Vulcanised indiarubber ог 


Incombustible tubes, steel armour, or 
hard wood casing. 
Insulators allowed in fireproof build- 
| ings if out of reach. 
| In damp walls (lead-covered) casing 
blocked out $ inch. 
Capping must only be 
outer edge. 
АП conductors separate 


screwed on 


if in wood 


pure rubber of “02 inch thick. casing. 
Stranded all above No. 16. 
Minimum No. 18, nothing smaller to 
be used. 
| Concentric conductors must be in- | 
| sulated from earth—same І.К. | 
| 
| 
| 
| 
| 
| 
| 
| 
Nil. | Nil. 


| 


| 
! 


Н.С. copper 100 per cent. conductivity | Buried conductors to be in insulating 
by Matthiesen's standard. 
Not less than No. 18. 
| Stranded above No. 16. 
Not more than 14 volts drop from 
Company's terminals :to furthest 
lamp. 


used. 

Metal tubes for single cable on alter- 
nating circuit not allowed. 

For 400 volts wiring, metal tubes 
earthed. 


pipes or a special form of cable | 


ARC LAMPS, HEATING APPARATUS, 


| 
MOTORS AND ACCESSORIES. AND ACCESSORIES. 


| 

Arc lamps, starting current not to 
exceed 80 per cent. excess, 7.£., 15 
amp. arc must not exceed 27 
amperes. 

Larger than 15 amperes not to exceed 
15 amperes at starting, nor more 
than 10 amperes each additional 
step, and cutout at same rate. 


то amperes at start and то ampere 
steps, gradual starting necessary 
either by gear or overload device. 

Interlocked D.P. switch. 

2 S.P. fuses, 

Magnetic blow-out for 400 volts, Over- 
load cutout necessary, 

Frame to be connected to earth with 
wire, equal in section to conductor, | Radiators, etc., to be earthed—fuse 
but need not exceed ro square mm. | and switch each pole. ; 

Covers of resistances to Бе earthed on | Triple flexible sockets, г for earthing 
400-volt circuits, 20 inches clear of wood, etc. 

| 6 inches clear above wood or inflam- 


| 


| mable material. 


| 
| 
| 


Motor fuses to be either magnetic | Nil. 
blow-out, or have 4-inch break. 
Company will undertake supervision | 
of running of all motors after | 


having first run to their satisfaction. 


| 
Flywheels on motors for intermittent | Resistances to be 18 inches from all 
"work то h.p. and upwards. | wood or inflammable material. 
Submit details for special motor in- 
stallations. 
Automatic release switch for motors 
over 3 H.P. 
The words “start slowly” to be put 
on small motor starters. 
| Over 4 Н.Р. a slow motion to be fitted 
| making it impossible to switch on 
suddenly. 
2 linked S.P. switches. 
АП switches, wiring, etc, to be en- 
closed in metal casing earthed. 


INSULATION TESTS. 


50 megohms per lamp of any c.p. up 
to 50. 

Arcs 5 megohms per lamp (15 am- 
peres). 

Motors, т megohm frame to earth. 

Supply cut-off if toboy leakage (B.O.T. 
Rule). 

(Above test presumably to earth). 


‚ Power to disconnect if below required 


standard. 

Insulation resistance 20 megohms per 
point. 

г arc or one motor = Io points, 


| Second test ros. 6d. 


Test ; both to earth and between con- 
ductors. 


Insulation resistance to earth. 

Tested at working pressure, 6o meg- 
ohms per 8 c.p. lamp. 

Ist test free. 

2nd test free. 

3rd test 2s. 64. 

4th test 5s. 

Additional tests 5s. 

Current may be cut off if below 
standard. 
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| | | | | 
| | z BRANCH CIRCUIT, SWITCH, | CEILING ROSES, PLUG CONNEC- | ARC LAMPS, HEATING APPARATUS, | Е 74 
А эт” INT / 7 ^ A / T 7 7 7 | T Y ч / » А | i 4 Ji м 
AUTHORITY. | GENERAL. VOLTAGE OF SUPPLY. | MAIN SWITCH AND FUSE. AND Rusa. | TIONS AND LAMPHOLDER. CONDUCTORS. CASING. MOTORS AND ACCESSORIES AND ACCESSORIES. INSULATION TEST 
БА oo | ы Е A Л СА | ЕЛЕС И. 
| | 
Salford. Work to be in accordance with | 220 volts c.c. Contractor to fix S.P. fuse in | Separate S.P. fuse on each wire | Incandescent lamps to be fixed | Tinned copper 98 per cent, Matthie- | Casing and iron piping or porcelain | All motors over 1 h.p. to be 440 volts. | Resistances to be 18 inches from wood | Between wire and earth ro megohms 
Dated May, 1900. these rules, and also with , 440 volts c.c. each main ; at least 4 inches | + and-fuseboards to bekept | in vertical position unless sen's standard, 1,000 amperes per under plaster. Starting resistance to be such that no or inflammable material, fixed pre- per ampere. 
Received November, 1900. those of Fire Insurance | 200 volts alternating. apart, between consumer’s 4 inches apart. | filaments specially supported. square inch. In wet positions, porcelain ducts or disturbance shall be caused in ferably on a brick wall or outside | Installations liable to be disconnected 
Company and Institution of | main switch and house | Not morethan ten 16-с.р. lamps Minimum size Хо 18. wood-casing blocked out 2 inch from neighbouring lights in starting or buildings. if below standard. 
Electrical Engineers. | | circuit, 13 inches clear break | controlled by 1 switch. Stranded over 16. wall, and cables lead-covered. stopping. А Arc lamp switches to have т inch clear | Second test 5s. 
’ Corporation have the right to and set to fuse at a lower | О.Р. fuses not allowed. Insulation resis. 2,500 megohms not | Outside buildings on insulators 8 inches | Motors driving lifts, cranes, or circular break | 
require any joint to be | | current than Borough Fuse. | Minimum break £ inch and necessarily rubber-covered. or IO inches apart. saws to be provided with flywheel. 
| opened up, or casing, fittings, | | If over 25 amperes, 2 separate | same between any metal and No naked wires allowed. | Full details to be submitted before 
| or wires removed for in- | | circuits to be run to supply terminals. | commencing any motor work. ` 
| spection and to be replaced | | terminals. 
| at the contractors' expense. | I inch clear break for main or | 
| Corporation accept no responsi- | arc lamp switches. | 
| bility. | | 
| | | 
| | | 
| | 
Sunderland. 52 К TATE PE 1 : се < : ; ға! КРА ы PES | ; : Two р ; е ‘ - 
epee С д te iod | ЕШ io be t ed by со соло RE. Сат А шаїп е supplied Бу Cor- | Tie Қ pus pole (D.P. fuse not | Switch-holders not allowed. Exterior wiring2,000 megohms in W.P. | Preferably American whitewood, 2 | Motors for variable loads, as circular |Resistances in ventilated casing to be | Motors І megohm frame to earth. 
Received Novémber 1900 dd bands en аа. 4 P Pon EE volts, but 440-volt | C xus DE ls t id | A owed). ыл | Separate switch апа separate casing ; lead-covered or iron pipes. coats shellac varnish before use. saws, etc., to have fly wheels (ех- kept 12 inches clear of woodwork | Minimum between wire 75,000 ohms. 
5 › M Оо ety and et ісіепсу. ees "m , da is bat | Contractor also to provide | IO lamp circuits, | fuse to each plug connection. | Tinned copper т,000 amperes per | И out of sight, wood casing, earthen- cept lifts). | or inflammable material. 30 to 50 megohms per lamp to earth. 
Corporation accept no reponsi- motors re coal о also, bu switch and fuse on each | Switch with fuse not allowed. | Ceiling roses not to have fuses square inch not to be exceeded. ware casing, cement troughing, or | Gradual starting necessary. 
bility. E аа au Y Dee wees pole. | | in them, but must have a | 2-volt drop from meter to furthest lamp. insulated tubes or ducts. 2 5.Р. switches. 
Powet to make contractor open | ee IR AMT ІС E | | separate fuse. Stranded above No 16. 440-volt conductivity in strong metal | 2 ,, fuses. 
up joints and casing, and алары? с | | | Minimum size No 18 for a single con- casing, earthed. I automatic cutout. 
reinstate at his own expense. circuits. ductor Frame of 440 volt motors, connected | 
! ә 5 . . 7 I Я * * , 
| | Insulation resistance, interior = 1,000 | to earth with wire not less than 
| megohms per mile. | 7-18ths. | 
| | On 440 volts circuit insulation resistance | Resistances to be enclosed in incom- | 
| | — 2,500 megohms per mile. bustible material. | 
| | 
Tynemouth | Supply lines laid free within бо | 220 volts for lamps | Double or treble pol itch No branch switc | | 
! \ s le 2 ; | pole switches | No branch switch to turn оп | To Бе Н.У. type. to be TESTEM е wal ' | +: 
January, 1900. ft. of mains. 220 volts for motors _ as and fuses to be provided by more than 5 amperes or IO | di 2 54 vus May be w ood, or othersuitable conduit | Starters to be approved by Engineer. Any apparatus requiring large current, | Test Press, 220 volts. 
Received Nov., 1900. Engineer may refuse supply if | 440 ,, » directed. consumer. | lamps. | Notqmiore ушы? drop furthest lamp ut IPS, | to have starting resistance. 12 lamps not less than 5 megohms. 
there is anything he соп- Corporation also provides a | Branch cutouts оп both wires. | Maximum density I.000 А square inch 25 " 2'5 T 
| siders unsatisfactory. | main circuit. | Fuse wires preferably copper. | Minimum size No 4 8 | : | 50 5 I'5 » 
| Installation must be in accord- | И {over 25 amperes, 2 main | Minimum break 14 inches. | | 98 per cent conductivity 75 zi 1°25 ” 
| ance with Corporation Rules | circuits required. | АП switches on red wire. | | 600 megohms insulation resistance | | | 100 „ Г52 ” 
| and Rules of Fire Insurance | | Tumbler switch must be on | | If insulation not V.I.R.. must be ap- 150 ” 75 " 
| Сотрапу. Е | ууһеп handle is downwards.| proved by Engineer. | 200 T э ” 
| Corporation accept по responsi- | , Switch-holders forbidden. All fiexible ta De vulcantsed | 300 " | 2 ” 
bility. | | | лыны | Motors and heating apparatus to be 
| | | | | | | гескопе in their equivalent of 
Walker and Wallse ; р = ЗА ыра | | | | | lamps of *5amperes each. И insula- 
Company allsend Union баз | Same as Newcastle throughout. | | | | | A tion resistance fall below 5000 ohms. 
Zu | | | installation will be disconnected. 
| | Second test, 2s. ба. 
West Hartlepool : А О “Toh : : : | ; | : | 
i pool. Rules issued for guidance of | 230 volts for lighting and small | Main fuse supplied by Cor- | No switch for more than ten | Switch lampholders, etc., gener- | H.C. 100 per cent. copper. Hardwood casing or incombustible | To be insulated from earth. Arcs, where used intermittently, to have ; : : 
Se DOI contractors and consumers. motors. poration, and on no account | 8-c.p. except main. ally to comply with Inst. | Nothing smaller than No. 18, tube Бағ insulation resistance ТАШ à motor зей 2 4 days' notice required. 
Corporation accept no responsi- | 460 volts for motors over 4 H.P. by contractor. | 4 in. clear break. | Electrical Engineers' Rules. | AII stranded above No. 16 | In damp walls, casing to be blocked | will be riter as the озде of at ЖМ NE E pur n vr ew a he arte е Its 
bility. 2 S.P. switches to be fixed b DE Же | : “КЗ ps une РУ : A — Test between wires at 230 volts. 
| lah PEE í т des y D.} . fuse not allowed. | Insulation of V.LR. or other approved | out $ inch, or pipes used. lamps taking same energy. about switching off). lati sist: жаз 3 o megohms 
Installations to be also in ac contractor, protected by non- | No fuse to carry more than ten material. 600 megoh d If b : nk: Insulation resistance — 23 ego 
| Baa ir eye АЛЫ Hg с 1 arr) | , egohms ordinary casing embedded in plaster, to have | Starting current not to exceed 5 am- 
| cordance with Rules of Fire | conducting cover, 3 in. 8-c.p. | places | two coats shellac varnish 2 ES ) per lamp. 
Offices d Inst of Ег И Bet Е I EN: за | е: : Jats shellac varnish. peres. Resistance so proportioned 2 Its minimum 
ісеб апа inst. O ec- | etween + diu Non-Metallic covers and cases. | І,000 megohms damp, or in walls ` 151 i (9/909 V9 Т 
нь | | › тан бай. : as not to cause visible disturbances t { 
trical Engineers. | same cover. | | 1,000 А. square inch density t licht it і ioh Board of Trade rule given as to 
| | 3 in. break for 40 8-c.p. | | ж uibs. Xi қа-оуға GE TOR: cutting off supply. 
| тїп. ,, over ; | ouring circuit, | 
York. As above. Do. Do. Do. Do. Do. Do. Do. Do. Do. 
| 
| | 
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CEILING RosES, PLUG CONNEC- 


VOLTAGE OF SUPPLY. TIGNS AND LAMPHOLDERS. 


GENERAL. CONDUCTORS. CASING. 


oW DA o oon И 


Nothing specified about insulation 


AUTHORITY. 


ARC LAMPS, HEATING APPARATI US | | 
MAIN SWITCH AND FUSE. AND. FUSE. Й | | 


AND ACCESSORIES. __ AT. ox T Test. 


MOTORS AND ACCESSORIES. 
қ A w^ uj. 


* 
e €. 
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Тһе rules are to be observed by | 200 v. for lamps or motors. Contractor to fix 2 single-pole | Each branch circuit to have 2 | No fuse terminals allowed in 


Chelsea Electricity Supply Co. 


Contractors wiring houses, 

supplied from | Company's 

mains. Fire Office rules 
also to be observed. 

Form of application for current 

| to be signed Бу householder 

and witnessed. If signed 

by lady, she should state 

. whether widow or spinster. 

^ Signature of a married lady 

not accepted unless accom- 

panied by declaration that | 

| 


Dated 190» 
Received November, 1900. 


әне She has a separate estate. 


City of London Electric Light- 
ing Company. 

Dated February, 1899. 

In use January, 1901. 


Free service mains within 60 ft. | 
of a public thoroughfare. 
Installations to conform to 
rules of Fire Office, Board 
of Trade, and these rules. 


County of London and Brush | Supply lines free within 6o ft. 
P.E.L. Company. of mains. 

Dated August, 1897. 

In use January, 19or. 


County of London and Brush 
P.E.L. Company. 

Dated August, 1897. 

In use January, 1901. 

(Motor Rules.) 


Work to be done in accor dance 
with Rules of Fire Office, 
I.E.E., and Board of Trade. 


m 


Metropolitan E.S. Company. Rules to be observed Бу wiring 


January, 1899. Contractors. 
Received Nov., 1900. Fire Office rules also to be ob- 
jedes 


switches, but is forbidden to 
. fix a main cutout. 
$ inch clear break for switches 
carrying up to 40°8 c.p. 
lamps, I inch above this. 
Metallic covers not allowed. 
| No main circuit to carry more 
than 25 amperes. Company 
will fix a separate meter and 
cutout for each 25 amperes 
circuit. 


S.P. fuses, not to control 
more than 15 8-c.p. lamps= 
about 23 amperes. 

S.P. fuses 14 inch break, and оп 
distributing boards to be I$ 
inch apart ; 


sockets or ceiling roses. 


lowed. 


to have fuse 
chamber, or otherwise be 
approved by Engineer. No 
D.P. fuses allowed. Fuse to 
consist of single wire not 
larger than No. 26s,w.g.=50 


(N.B.—-If this refers to motors, per cent. over 2% A. Cop- 


the largest motors permitted 


BRANCH CIRCUIT SWITCH 
| per fuses not permitted. 
| 
| 
| 
| 


| 
is 6 H. Р.) | Combined switch and fuse рго- 

| hibited. 

| 

| 
200 volts c.c. Main fuse fixed by Company ; | Magnetic cutouts forbidden, | АП ceiling roses, lampholders, 
400 volts c.c. D.P. switch by Contractor. unless approved by Engi- etc. to be suitable for 200 
200 volts c.c. If more than 50 amperes re- neer. volts. 


quired, 2 separate circuits 
and meters. 


Switchholder not allowed. 
Fuses in C.R. not allowed. 


by consumer. vitrite bases. Length suffi- 


cient to prevent arcing. 
p es must be S.P. only, 
| d on the + pole. 
| 
| 
| 


100 volts. D.P. switch by consumer. Magnetic cut-out not allowed. S.P. fuse to protect all flexibles. 
200 volts ало „ fuse by Company. Key sockets or switch holders 
100 volts (alternating). forbidden except by special 
permit. 
| | 
Eos 2-wire continuous | D), p, switch and fuse provided | Fuses to be on porcelain or 


100 volts с.с. 
200 volts c.c. 
? 100 volts alternating. 


If more than 50 amperes re- 
quired, 2 distinct circuits. 
Main D.P. switch to have at 

least 3 inch break. 
To have a non-conducting, cover 
On low tension supply, Con- 
tractor must not fix a D.P. 
main fuse, but a D.P. switch 


Branch circuits of not more 
than 15 8-c.p., and to have 
fuse on each pole. Each 
branch circuit to have fuse 
on each lead, fixed on dis- 
tributing boards 23 inches 
between opposite poles. 

Combination switch and {use 


Ceiling roses and sockets not to 
have fuse terminals. 


only. | not allowed. 
©“ — ——— | On the H Т. supply, Contractor 1% inch break : 24 inch between 
A to fix a D.P. main fuse, but poles. 


nota switch. 


Celluloid lamp shades not al- 


except that flexibles must be D.R. 
Nothing smaller than No. 18, not even 
flexibles. 
Current density :— 
1,000 А. per square inch, not more 
than I.V. drop between the Com- 
pany's cutout and any lamp. 


V.LR. (200 volts) or equally good 
material. 

1,000 А. per square inch. Volts. loss not 
to exceed 2 volts. to furthest lamp. 


Minimum conductor = No, 18. 
Stranded over No. 14 
Flexib'es may equal i 26. 
400 volts. minimum size "we 


I.R. 2,500 megohms per mile. 


98 per cent. copper. 1,000 А. sq. inch, 
not more than 2 volts. drop to furth- 
est lamp. 

Minimum section No. 18 switches. 

Stranded conductors above No. 16. 

Insulation to be V.LR. or equally 
good material. 

600 megohms per mile for ordinary work 


1,000 ы » fordamp places. 

(W andsworth) concentrics by per- | 
mission. 

As above. 


Minimum section No. 16 s.w.g. 

2,500 megohms per mile I.R. 

Concentrics may be used with in- 
sulated outer. 


Tinned copper. 

1,000 А. per square inch. 

Volts. d not to exceed т per cent. 
to furthest lamp. 


Wood casing not recommended. If 
used in damp places to be var- 
nished or painted with waterproof 
composition inside and out. 

400 volts. conductors in iron pipes. 


————— —Ó M —— M ————— —— — — —  — ————— 
* 


Hardwood, in damp places to be var- 
nished twice. 


Wires to be in iron pipes, earthed. 


LR. of motors up to 3 H. m Ер ng. | 
its wiring and switch gear v Ph 10 
frame to earth not less than tha at Mi onc. 
| an equivalent number of lamps. — 
І.К. of larger motors $ megohm ea Mid 


Starting current for motors up to 3 ' 
H.P. not to exceed 25 per cent. 
above nominal current, 7.е., maxi- 
mum starting current allowed (— 
about 16$ A.) 


ne 


Motors over 3 H.P. starting current (Up to 60 W). 
not to exceed 10 A., and increase in 10 lamps pe megohms per lamp. 7 
5 A.steps. Magnet circuit іп two 20: 5 M n ж 
halves in parallel which сап be 304 я 22 di n 
putin series when volts. increased | PUE ТА 5 ier 
to 400, 507% 12 ” i 2 
Motor switches for 200 volts. not to , 58 "ur X Ў a» 
have less than r inch clear break. TOO PNE "TIS 5 ЕТ 
150 д P 


іі; OD Di слои ОИЕ 
This ae from 54 to 80 megohms p 


lam 
Rules db not state if to earth or between i A * 
| wires. тоз. 6d. fee for second test. 
Company reserve right to cut ff supp y l 
if installation defective. | шш. 


Send details for approval for 400 volts. 
Starting current not to;exceed normal 
| working current. Automatic no 
volt. release on starter. Motors to 
be shunt wound. Field circuit 
to be made first and broken on an 
*inductive resistance or carbon 


Send details for approval. 75 megohms per 

| volts. pressure | 

wires must p UN ee 
test 


тоз. м if pe 


КОР ЕЕС 
< 
2 
Т" 
= 


break. | 
See below. Where arc lamps used Engineer to be Е 
consulted, and the type of chc ing |. 

coil submitted. ur 


(W) above applies to motors. - 


To be shunt wound, frame earthed. 
Field to be made before the arma- 
ture and broken on an *inductive 
resistance or carbon break. i 

Starter connected to + pole, and to 

have no volt. release. 


Motors and starters all rd H.P. to 
be on 200 volts. 

Starting current not to exceed 25 per 
cent. of maximum working current. 


ж Probably an error and “ non-inductiye” meant. 
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lighting, the man who attempted to equip or maintain a large telephone 
exchange without taking advantage of the different colourings of the 
- various wires would find himself very much at sea. 

'The advent of the trolley wire and other overhead lighting and 
power circuits has brought about а new fire risk in the premises of 
users of open telephone lines. И has been proved that contact 
between power-circuits and unprotected telephone lines sometimes 
results in fire. The Fire Offices, therefore, have introduced rules for 
telephone users, and with that no one can quarrel. A telephone has to 
protected against disruptive discharge from an excessive E.M.F., and 
against dangerous heating from an excessive current. The Liverpool, 
London, and Globe Company very fairly insist upon ап efficient 
lightning arrester and a fusible cut-out to act at one ampere. The 
Phoenix Office stipulates for a lightning arrester, a cut-out to act at onc- 
third of an ampere, and an automatic carthing device to act when the 
normal pressure in the telephone line is exceeded by 50 percent. Now, 
passing by the difficulty of finding a fuse that will give way at one-third 
of an ampere, I suggest that the stipulation regarding the automatic 
pressure device is ridiculous. In many a telephone line the pressure 
does not exceed six volts, so that to conform to this rule а nine-volt 
pressure would be required to give a disruptive discharge across an air- 
gap. Even where hand magnetos are used the pressure generated docs 
not exceed 60 volts, and, of course, with go volts no pressure device 
would act. Indeed, it requires an extremely sensitive arrangement to 
get a spark across the air space of a carbon-mica protector at 300 volts. 
The Phoenix Office would do well to recast its telephone rules, and 
simply insist upon an efficient lightning arrester, and, in addition, a 
onc-ampere fuse, or a half-ampere heat-coil. 

Mr. А. Е. Gott: The subject of wiring is one which is of particular 
interest to all manufacturers’ engineers. It has been said that when 
gas was first introduced into the Houses of Parliament pipes were laid 
on brackets several inches from the wall, presumably to prevent fire 
risk, This is not more absurd than some details enforced by modern 
wiring rules, and I remember having buried wires in fireclay contained 
in grooved casing, so as to reduce the fire risk. This was about twelve 
years ago, but the work was strictly carried out to the rules or specifi- 
cation of an insurance Company. 

The question arises as to what authority should formulate and 
enforce rules. Should not the station engineer's authority cease at 
the meter? As the leakage оп one outer of a 3-wire system in the con- 
sumer's premises under certain conditions will even pay for the station 
leakage, I do not see why the station engineer need trouble about rules 
so longas the consumer docs not affect the supply, The gas companies 
allow you to use as much gas as you like, and in any manner, but I do 
not wish to infer that we should have no rules whatever ; rather, if rules 
are necessary let us have them uniform, embracing general principles 
and broad enough to facilitate progress. In the paper which Mr. 
Broadbent has given us, I think he has done a very bold work in 
bringing this subject up in a new form, and in showing the utter chaos 
that exists in modern rules. 
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Mr. Moir. 


Мг. Gott. 
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Мг. Gott, 


1152 BROADBENT: NOTES ON WIRING RULES. [Newcastle, 


It will be noticed that the rules of the Institution of Electrical 
Engineers express a fundamental principle of what rules should be. In 
the examples analvsed in the paper we read at intervals that the rules 
will be enforced, but no responsibility is taken by the authorities con- 
cerned. This seems very unfair, particularly as some authorities, 
Manchester for instance, register and certify fittings, although the 
certificate is по guarantee that the particular article is the best for a 
particular purpose. Does Manchester test switches with self-induction 
in the circuit? It makes a vast amount of difference in the rating of а 
switch. 

As an example of the difficulties of standardising, particularly motor 
accessories, it may be noted that there are in usc in the kingdom no 
fewer than 16 voltages between 100 and 530, all of which are multiples 
of то. 

Motors under т Н.Р. at 500 volts arc neither safe nor particularly 
desirable. Under the heading of main switches, manufacturers have 
a very sore grievance indeed. Double pole link switches are gencrally 
specified by the fire offices and the supply companies to be linked, but 
at the same time they are forbidden to use combustible material, with 
the result that there are a number of double pole switches on the 
market which have the two poles connected together by a metal bridge 
insulated, in some cases, by about yth of mica. Such a switch is 
unsafe in comparison to one in which the bridge is either fibre or 
wood. Some rules specify the amount of break, but none state the 
character of the break, which should be in such a manner that the arc 
is self-extinguished. 

The rule limiting the current on a circuit to тоо amperes must 
limit the size of motors on the supply system's main, and many motors аге 
in use on single machines taking very much greater currents than 100 
amperes. Liverpool uses two meters and two sets of switches in parallcl in 
such cases, but they cannot ensure that the current will divide equally 
between the two meters, and, as a matter of fact, it does not. 

Considerable want of uniformity exists regarding the application of 
main switches at the point of entrance of supply into a building. It 
seems that, as gas and other companies put in a means of cutting off 
the supply, the electric supply companies ought to do the same—that is, 
to provide a main switch and fuse independent of any supplied by the 
consumer. 

Such rules as specify front or back connections are quite unnecessary ; 
the whole thing is a matter of convenience. И the switchboard is 
going against the wall the front connections are correct, but in a сазе 
where you can get behind it is sometimes preferable to do so. In 
Blackpool it is a rule that slates must be boiled іп paraffin wax or 
similar insulating compounds, and afterwards enamelled. It would be 
interesting to know how to do it, as I understand that it is impossible 
to enamel a waxed slate. One thing never specified, and it is only ап 
instance of overlooking important details, is to insulate the slates from 

the wood or metal frame. 

Then in Tynemouth we have the rule concerning tumbler switches 
Similar rules should state that the switch must be so fixed that in the 
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event of vital parts breaking the switch will remain ой. Some rules 
forbid switch-holders. It might have been very well to do so half a dozen 
years аро. The switch lamp-holders of to-day are as reliable as 
desired. There are many instances in which articles are specified 
which do not exist. For instance, “ heating sockets to be automatically 
covered when the plug is withdrawn." This is a sample of specifying 
something which has to be not simply designed, but invented, and this is 
a grievance with manufacturers. 

Portables and flexibles are disallowed in shop windows by some 
rules, I might ask, are the fittings which are usually put into shop 
windows as safe? I think not always. Incandescent lamps in horizontal 
positions have been forbidden in many instances unless filaments are 
specially supported. This rule is based on the experience of a dozen 
years ago, but such a restriction is quite unnecessary at the present day. 
Lamps are better made, and if the legs of the filament are in a 
vertical plane the lamp is practically immune from breakage through 
the filament touching the glass. This matter should rest entirely with 
the consumer, and if such а rule were enforced, “ display " work would 
be annihilated. 

I think that it is quite unnecessary to specify the type of insulation 
provided that the conductor has got a satisfactory mechanical covering, 
and is insulated in a manner to satisfy the local conditions. А great 
many supply authorities copy the Institution of Electrical Engineers’ 
rule relating to conductivity of the wire, which, however, conveys no 
meaning to the lay mind, and a much better rule would be that a copper 
wire 40 yards long, and ‘oor sq. in. section ог ‘5 lb. weight should have a 
resistance of т ohm at 60° F. within 2 per cent. Every consumer would 
understand some such rulc. 

Then, the question of the r-volt drop is decidedly an undue inter- 
ference with the consumer's economics. Of course in shops and small 
installations the question does not enter at all if the conductors are to 
the recognised current density, but if the consumer is, say, a rope 
manufacturer, and requires half a dozen lamps at the end of his rope 
walk, it would be decidedly unfair to compel him to put in wires of a 
section to limit the drop to onc volt. Large contractors are accustomed 
to deal with these matters in a more economical and satisfactory manner. 

I think there is nothing in installations that requires greater judg- 
ment than the casing of wires. А method may be arrived at after very 
long consideration and prove a mistake, but I might ask if supply 
authorities never make mistakes in the matter of running their under- 
ground mains. What about the large quantity of bare or of rubber- 
covered conductors that are put in and then have to be pulled out again ? 

Regarding motors, the early Phoenix rules were so worded that 
they entirely barred progress in this country, as а motor was not 
allowed in the working room of a textile mill, and the direct-geared 
motor was entirely excluded. Authorities are divided on the question 
of earthing or insulating motors, and from the advocates of the latter it 
would be interesting to learn how a metal pinion is to be satisfactory 
insulated from the shaft. Тһе definition of “earth” is most un- 
satisfactory, and a gas or water pipe does not always give a good earth. 
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It would be better to state that the “earthing” must be so carried out 
that there shall be no measurable difference of potential between the 
motor and the immediate surroundings with a certain current in circuit. 
Very stringest clauses exist concerning the current fluctuations in 
starting motors, and in the case of large motors the restrictions are 
excessive. One of 30 Н.Р. at 200 volts, starting under full load and 
driving an inert machine, would require no less than 80 sections ot 
resistance in order accurately to satisfy the 10-ampere rule. 

Flywheels are frequently specified for motors, and there is no doubt 
that they would frequently be an improvement, but the worst cases of 
varying loads are not infrequently with direct-geared motors to particular 
machines, where the application of a flywheel would most seriously attect 
the working of the latter. Too much stress has been made on insulation 
resistance, neglecting the fact that high insulation does not necessarily 
mean good work. The final resistance depends little upon the quality 
of the wire, but very much upon the care of jointing and cleanliness in 
fixing lamp-holders. 

If there are to be rules we must have rules on broad principles, and 
there must be uniformity, . 

Мг. О. L. FALCONAR : I think every one will admit that there is a 
very pressing need for the standardisation of wiring regulations, and 
Mr. Broadbent has so aptly described some of the inconsistencies which 
add considerably to the worries of the wiring contractor, that it is 
unnecessary to say anything further about them. There is one rule 
which just occurs to me at the moment which I may mention, viz., that 
requiring to be named all the various sizes of cables used of the instal- 
lation, also the amount of current carried under normal conditions by 
cach, and the percentage above this they will safely carry. Тһе latter 
part of this question is especially difficult to answer correctlv, as it 
varies considerably with the conditions under which they are used. 
Moreover, the insurance company themselves, if I mistake not, specify 
what current can be safely carried by the various sizes of conductors. 

Mr. Broadbent seems to imply that, had there never been any wiring 
regulations issued, the advancement of electric lighting would have 
greatly increased ; and I think there is some reason for this view being 
taken, for it is difficult to introduce novelties in electric wiring when 
the contractor has to obtain the consent of four or five insurance com- 
panies or other authorities. On the other hand, however, there is the 
unfortunate fact that all wiring contractors are not equally honourable, 
and with the progress of electric lighting the “jerry contractor" has 
come into existence. My opinion is, that if a set of standard regulations 
applicable to the various conditions of electric wiring could be drawn 
up, which clearly defined the essential conditions of a high-class 
installation without going into some of the details of which we have 
heard in regard to minor points, it would be greatly to the advantage 
of the whole industry. Even if such ideal regulations could be drawn 
up, there would be difficulty in enforcing them. А contractor тах 
quote for a job and desire to execute a certain class of work, but he 
knows perfectly well that some onc else will quote for a cheaper class 
and will probably get the job. Тһе supply companies certainly 


1901.) DISCUSSION. 1155 


endeavour to keep wiring contractors up to the mark, and have 
inspectors for that purpose, but I think they attach far too much 
importance to the “Insulation Resistance Test," which will sometimes 
condemn a job, however well designed, and pass others altogether 
devoid of any system. Probably in the “Таса!” regulations referred 
to, this test would be modified to suit various conditions. Mr. Broad- 
bent considers five-ampere circuits quite small enough on 220-volt. 
supply. I venture to think 1} amperes as specified in some rules none 
too small, as not only would you have (in the case of fuse blowing) a 
large number of lamps extinguished, but I think at this pressure.it is 
possible for an arc to be struck across a twin flexible, and maintained 
with less current than would blow a five-ampere circuit fuse. Probably 
Mr. Broadbent was thinking onlv of the 60-80 volt. installations it used 
to be customary to emplov in ship lighting. 

I was very much enlightened to hear that there are only two 
corporations, viz., Glasgow and Manchester, who have power to enforce 
their rules ; but surely other corporations would refuse to connect up if 
their rules were not complied with—and is this not the same thing? 

Mr. S. Н. Gowpy: I would like to offer my thanks to Mr. Broad- 
bent for his paper. It is perhaps one of the most interesting subjects 
the electrical contractor has to deal with, as it is before him continually 
in his daily experience. We have recently formed an Association of 
Electrical Contractors in Newcastle and Gateshead, to further trade 
interests generally, one of the objects of which is to aim at the 
standardisation of specifications with respect to contracts, to be used 
by architects, etc., when necessary. With this object in view, Мг. 
Cross and I set to work a few weeks ago to draw up a set of suitable 
rules, by extracting from existing, but after about three hours’ work 
we had to give it up for the time as we found the rules of the various 
fire insurance companies so conflicting and contradictory. We are 
still but a short way on the long and crooked road to standardisation. 
We used the Royal Insurance Company's rules in the first place, as 
theirs are better classified than the other companies' rules, but not 
because we considered them the best set of rules. I would like to ask 
Mr. Broadbent why Glasgow and Manchester possess powers to 
enforce their rules when other towns cannot obtain these powers—the 
Newcastle Electric Supply Company manages to enforce its rules 
whether it has power to do so or not! 

I am sorry Mr. Broadbent omitted to mention the specifications of 
architects and consulting engineers, which are very often as conflicting 
and exacting as апу. In one consulting enginecr’s specification I know 
of, the sizes of blocks for switches and ceiling roses are stated, also the 
size and even the number and kind of screws to be used are speciticd. 
The blocks and switchboards have to be specially made, at about three 
times the usual cost. In another specification—an architect's this time— 
in one paragraph it says, “fuses only to be in the distribution boards 
and in ceiling roses," and {һе very next sentence says, “по fuses are 
allowed in the ceiling roses." The work has to be done in accordance 
with the rules of the several fire insurance companies with which the 
building is insured, of the supply company providing current, and of 
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the Institution of Electrical Engineers. It would be rather interesting 
to know how the contractor manages to satisfy these various authorities. 
I have been making inquiries of the fire insurance companies as to 
whether they issue any rules respecting gas and oil lamp installations, 
and find that they do not trouble about them. Personally, I should 
think it would be better for them if they did, as probably the number 
of fires caused by these means would be considerably reduced. It is 
interesting to rcad the report of the London Fire Brigade for 1899, 
which says that out of 622 fires, 312 were caused by gas, 292 by oil 
lamps, and 18 by electricity, and considering how rapidly the usc of the 
latter is growing, I think my previous remark as to thc advisability of 
adopting rules for gas and oil work was well founded. Referring to 
the useof aluminium asa conductor, the American Underwriters National 
Electrical Association reported recently that insulated aluminium 
wire has a safe carrying capacity of 84 per cent., that of similarly in- 
sulated copper wire of the same size, while bare aluminium has onlv 77 
per cent. the capacity of the corresponding size of bare copper wire. 

I do not remember seeing aluminium mentioned in any Fire Office 
rules, though there is no reason why it should not be used under certain 
conditions. With regard to the tree system, I have come across 
installations with cut-outs dotted all over the building, such as under 
floors, on high ceilings, and, in churches, up in the roof —which positions 
are not, of course, the most convenient and accessible in which to 
renew a fuse. There is no doubt that this system should be abolished, 
and that standardisation both in system and material (to a certain 
extent at any rate) is what we should aim at obtaining, and I think it 
will come before very long. 

Mr. JOSEPH P. SLEIGH: To get over the difficulty of making wiring 
and motor regulations uniform, I would suggest that central station 
engineers combine and have a central committee, who can revise and 
standardise rules submitted to them by the engineers of individual 
stations, or, if need be, provide a complete set of rules on being 
furnished by the engineer with particulars of his system and the local 
conditions to be met. This committee not being a local bodv, and 
hence having no local interest, would be able to dcal with cach 
individual case on general principles and thus eliminate апу personal 
fads due to the enginecr’s particular line of experience. "This question 
might be taken up by the Municipal Electrical Association, but it would 
be more comprehensive if taken up by the Institution of Electrical 
Engineers. With regard to Fire Office rules, these could be brought to 
uniformity by the above committee approaching all the fire insurance 
companies and getting them to issue a standard set of rules. With 
regard to specifications issued bv architects and persons not competent 
to do so, and on which contractors have to quote, this is clearlv a case 
to be met by the Contractors’ Association. Members of the association 
would have to take a firm stand, and all quote on certain definite lines 
laid down by the association, and, if need be, in particular cases the 
committee of the association should be referred to. 

Mr. BROADBENT, in reply, said: I am bound to say that I am somce- 
what disappointed with the discussion, I hoped that the station 
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engineers would have attempted to defend and to justify their. rules, 
and their attitude to contractors generally, whereas they ай agree 
generally with mv paper. 

In criticising any paper, it is necessary first of all to know its con- 
tents. Some of the speakers have criticised things I did not sav, and 
misconstrued what I actually said. Mr. Turnbull's is “the unkindest 
cut of all," as he criticises mv objection to standardisation! Now, the 
sole object of the paper is to plead for standardisation in so far as it is 
possible. In mv preliminary remarks I referred to the danger of mis- 
taking standardisation for progress, and making it an end instead of a 
means to an спа. Мг, Turnbull savs that the firm which standardises 
most will be found most progressive. I think he falls into the pit I 
intended to warn you against. He mistakes repetition for standardisa- 
fron and money-making for progress. Repetition obviously hinders pro- 
gress, and when any progress is made, “ wholesome scrapping ” becomes 
a necessary evil—not a virtue as we are sometimes led to believe. 

I did not quite follow Mr. Turnbull’s remarks about red and black 
wire. I certainly have no objection to it, and used it over twelve vears 
avo to distinguish between the lead, ог switch wire, and the return. 
This is what I understand Mr. Turnbull to say was his practice also. 
But, as his is a three-wire system, this involves either. putting switches 
on the earthed middle wire on one side of the system, or, using one 
colour for the outers and another for the middle, which would cause 
confusion, Further, in a motor installation wired from the outers onlv, 
one colour could, of course, only be used, зо what becomes of the 
“red and black" rule? Mr. Gowdy and others question my remarks 
that, with the exception of Glasgow and Manchester, no other corpora- 
tion or company have the power to enforce their rules, and ask how 
these two authorities became possessed of the power. In the case of 
Manchester, а clause was smuggled through Parliament іп the 
Omnibus Act known as “Тһе Manchester Corporation Act, 1897," 
whilst in the case of Glasgow powers were similarly obtained by means 
of “ The Glasgow Buildings Regulation Act, 1892.” 

So far as І am aware, the only powers possessed by апу other 
authority are those given in certain clauses of the Board of Trade 
model provisional order. Under these clauses the undertakers are 
bound to supply energy to any consumer, provided that they are 
*satished that the electric lines, fittings, and apparatus are іп good 
order and condition, and not calculated to affect injuriously the use 
of energy by the undertakers or by other persons.” The undertakers 
may cut off the supply if a consumer uses his energy in such a wav as 
unduly or improperly to interfere with the efficient supply of energy 
to any other consumer. Now, I contend that switching on or off ten 
amperes, at, say, 230 volts, is not an improper use of the energy, and 
if this interfere with any other consumer's supply it is the fault of the 

undertakers. А point for consumers to remember 15, that if the under- 
takers make default in supplving energy to any consumer, they are 
liable to a penalty not exceeding forty shillings for each day on which 
such default occurs. 

Мг. Gowdy is in error in saying that there are no rules for gas-pipes 
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and fittings. In the case of Manchester, there is a book containing 
forty-two rules and seventcen conditions of supply. 

There is, I think, nothing in the other speakers' remarks calling for 
reply ; the general tone of the discussion is in agreement with the paper. 
My feeling is that the task of standardising all the existing rules vill 
prove too great for the committee appointed by the parent body, 
and that it would simplify matters considerably if each Local Section 
would standardise the rules in its own district. Тһе headquarters com- 
mittee could then deal with Local Section draft rules, which would be 
found to be in fairly close agreement. This is work which I think the 
Local Sections might very fittingly take up, and if the mecting agrees, 1 
should be pleased to put this in the form of a motion. 

(Соттипісаіса | I have since seen the report of Mr. Turnbull's 
remarks, and find that he makes the live wire the red wire, whereas 
in his rules he specifies red for positive and black for negative. In 
the former case red wire only would be used on a 460-volt installation, 
and in the second case he would have two colours for his earthed 
middle wire, and on the negative side of the system the switches would 
cut ой the earthed wirc instead of the live wire. 
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ORIGINAL COMMUNICATION. 


THE RISE OF TEMPERATURE IN THE FIELD 
COILS OF DYNAMOS. 


By E. BROWN, M.Sc., Associate, 1851 Exhibition 
Science Scholar. 


This communication describes the results of experiments 
recently made by the author, on the question of the rise of 
temperature in the field coils of a dynamo under various 
conditions. So far as the author is aware, very few experi- 
mental results dealing with this subject have been published, 
and since the subject is of scientific as well as of con- 


siderable practical interest, this series of experiments was 
undertaken. 

The experimental work has been carried out at the City 
and Guilds of London Central Technical College. At 
Professor Ayrton's request, Messrs. Siemens Bros. very 
kindly placed at the author's disposal one of their machines, 
the output of which is 55 amperes at 135 volts at a speed of 
1,250 revolutions per minute. The armature is of the 
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smooth-core drum type. Plate XVII. shows a general view 
of the machine. 

To obtain a true conception of the temperature distribu- 
tion throughout the field coil, it is necessary that the 
temperature at different points along the axis of the coil at 
different depths in the winding be determined. 

The method adopted to measure the temperature was 
the use of resistance thermometers. Let A B C D (Fig. 1) 
represent the elevation of the field coil after a certain 
number of layers of wire have been wound on. То deter- 


FIG. 2. 


mine the temperature at this layer at a distance d from the 
top of the bobbin, a length of wire, whose temperature co- 
efficient and resistance at some particular temperature are 
known, was taken and placed round the coil so as to 
completely embrace it at the given distance from the top. 
The ends of this wire were soldered to copper strips SS of 
negligible resistance, which were placed flat along the 
surface of the coil. Theends EE of these strips dipped into 
mercury cups on a terminal board placed near the machine. 

By placing a number of such thermometers in different 
positions along the axis of the coil, at different depths in the 
winding, a means is provided of ascertaining the temperature 
distribution throughout the coil. 
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The temperature thus measured is the average tempera- 
ture taken round the coil at the given positions. Any 
difference of temperature which might exist at the same 
depth in the winding, between the side of the coil adjacent 
to the neighbouring field-magnet coil and the other side 
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directly exposed to the air, would not be indicated. With 
the object of ascertaining whether any such difference 
existed, two thermometers of a different type were inserted 
as under :— 

Let A B C D (Fig. 2) represent the elevation of the field 
coil at any given depth in the winding. Fine copper wire 
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was wound on two very thin cardboard strips, CC, one inch 
wide, the ends of the wire being soldered to copper strips as 
before. These flat thermometers were placed on opposite 
faces of the coil over the same layer of the winding as shown 
in the figure. 

In the experimental coil the number of thermometers 
was limited to fourteen, in order that their presence might 
not unduly throw the coil out of shape. The fourteen 
include the two flat ones just described, together with twelve 
completely embracing the coil, the latter being disposed in 
sets of four at each of three different depths in the winding. 


DETAILS OF THE EXPERIMENTAL FIELD COIL. 


Fig. 3 shows the construction of the bobbin, which was 
constructed to take the place of the one belonging to this 
machine, the dimensions under the first layer of the winding 
being as indicated. The winding consists of five layers of 
wire o'o512 inch diameter, and seventeen layers 0°0551 inch 
diameter, double-cotton covered, as in the actual coil of the 
machine. Тһе total number of turns is 2,587, and the 
radiating surface (neglecting the ends) is 289 square inches. 

The disposition of the thermometers is shown in Fig. 4, 
in which they are indicated by black dots. The respective 
distances of the inner, mid, and outer layers from the 
surface of the bobbin are 0°07 inch, о'94 inch, and 1°44 inch. 
The flat thermometers are inserted at a distance 0:62 inch 
from the surface of the bobbin. The total depth of winding 
is гб inch. The upper three thermometers of each layer 
are of platinum, the others being of copper. 

The temperature coefficients of the thermometers were 
determined aíter the winding of the coil was completed. 
The coil, along with its mercury terminal cups, was placed 
in a large copper vessel surrounded by water and screened 
from outside radiation effects by non-conducting materials. 
It was allowed to stand a sufficiently long time to ensure a 
uniform temperature being reached. The resistances of the 
thermometers were carefully measured, and from such 
measurements made at different temperatures the tempera- 
ture resistance curve of each thermometer was determined. 

In the actual experiments with the coil the resistances 
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of the thermometers were measured by a slide-wire Wheat- 
stone's bridge. Time readings of the temperatures of each 
thermometer were plotted, and the temperatures of all the 
thermometers at any given instant deduced from these. 

A voltage sufficiently high to enable the field coils to be 
connected in series not being available, they were connected 
in parallel. А current of 2:5 amperes was maintained 


FIG. 4. 


throughout the experimental field coil throughout the 
experiments, Fig. 5 shows the arrangement adopted. 

It was noticed at an early stage of the work that when 
the armature was rotating, one of the field coils received а 
much stronger current of air across its surface than the 
other. Thus, if in Fig. 6 A represents the armature, the 
direction of rotation as seen from the commutator end of 
the machine being as shown, it was found that the coil F, 
was much more vigorously fanned than Е». This is due to 
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throughout the experimental field coil throughout the 
experiments. Кір. 5 shows the arrangement adopted. 

It was noticed at an early stage of the work that when 
the armature was rotating, one of the field coils received a 
much stronger current of air across its surface than the 
other. Thus, if in Fig. 6 A represents the armature, the 
direction of rotation as seen from the commutator end of 
the machine being as shown, it was found that the coil F, 
was much more vigorously fanned than Е,. This is due to 
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the action of the commutator guard GG, which extends a 
considerable distance below the horizontal diameter of the 
commutator, and which, although perforated, acts as a vane, 
or guide, directing the air current across F, as shown by the 
arrow. Ata speed of 1,200 revolutions per minute a lighted 
taper held at K continued to burn, its flame being drawn 
in the direction F,, but when held at L it was at once extin- 
guished. Hence there will probably be a different tempera- 
ture distribution if the position of the coil on the limb of the 
machine is altered. Accordingly two sets of experiments 
were made, one in which the experimental coil was in the 
position F, and the other in which it was in the position F} 
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When in the former position it will be subsequently referred 
to as being directly fanned, and when in the latter position 
as being indirectly fanned. 

With the coil in each of these positions experiments 
were made under the following conditions : — 


(a) Armature running light. 
(b) j carrying 30 amperes. 
(c) » » 55 э) 
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In each of these cases four ditlerent armature speeds, 
Viz., 300, боо, goo, апа 1,200 revolutions per minute, were 
used. Тһе variations in armature current and speed were 
kept within narrow limits by the use of adjustable resist- 
ances. 

From these experiments curves have been plotted 
showing— 

I. The effect of increase of armature speed on the rise 
of temperature along the three vertical layers of the 
winding, in the conditions of armature load (a), (b), and (с). 

2. The effect of increase of armature speed on the rise of 
temperature through the horizontal depth of winding at 


"i 


As seen from commutator 
end of machine. 
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points halfway along the axis of the coil, in the conditions 
of armature load (а), (5), and (с). 

3. The effect of increase of armature current on the rise 
of temperature along the three vertical layers of the winding, 
under the four ditferent armature speeds of 300, 600, goo, 
and 1,200 revolutions per minute. 

In all experiments the machine ran as a motor. To 
avoid the heating effects which the application of a friction 
dynamometer to absorb the power developed would have 
produced, when the armature current was 30 and 55 amperes 
the motor pulley was belted with that of a dynamo supplying 
the greater part of current required to drive the motor. The 
additional current was supplied from the street mains, and 
in all cases the field coils of the motor were separately 
excited from storage cells. 
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In the plates showing the temperature distribution along 
the axis of the coil, the scale of the depth of winding has 
been exaggerated. 


DIRECTLY FANNED COIL. 


Consider first the set of curves dealing with the cases in 
which the coil was directly fanned. 

1. Plate I. shows the effect, at different layers of the 
winding, of increasing the speed of rotation of the armature 
when the armature 15 running light. 

The concavity of the curves is a very noticeable feature. 
It is more particularly evident when the speed of rotation is 
low, and is always most marked at the mid layer. As the 
speed of the armature increases, the concavity diminishes, 
the difference between the temperature rise at 300 revolutions 
per minute and that at 1,200 revolutions per minute being 
less at the ends of the coil than at points nearer the mid 
position along the axis. Concavity is a feature of all the 
curves which have been obtained, and will be again referred 
to after the series of curves has been examined. 

The effect of increased speed of rotation is most evident 
at the top of the coil, and the amount of cooling produced 
by any increase of speed is greater at the outer layers than 
at layers nearer the iron of the magnets. The bottom end 
of the coil is much less affected by the convection currents 
set up by the rotation of the armature, than the top end. It 
will be seen that at 1,200 revolutions per minute the top end 
is cooler than the bottom end, while at 300 revolutions per 
minute the reverse is the case. 

A further effect of increased speed is the driving of the 
point of maximum temperature, at any layer, along the axis of 
the coil from the top towards the bottom end. The effect is 
most noticeable at the outer layers. 

It may be mentioned that the mid layer is not the 
hottest layer of the winding. Later curves showing the 
temperature gradient through the depth of the winding 
show that the hottest layer is nearer the iron than the 
mid layer. 

The crossing of the curves referring to the outer layer 
for speeds of 300 and 600 revolutions per minute, along 
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with other similar effects in subsequent curves, will be 
discussed later, as it was the subject of further experiment. 

2. Plates II. and III. show the effect of increased: speed 
of rotation of the armature, when the armature carried 
currents of 30 amperes and 55 amperes respectively. 

The general effects of increase of speed are the same 
as when the armature is running light (Plate I.). 

The rise of temperature at the lower speeds of rotation 
is rather high in parts of the coil, but the conditions of 
running (i.e., about onc-quarter normal speed, and full load 
armature current) are abnormal. Тһе proximity of the 
heated armature to the top end of the field coil is un- 
doubtedly the cause of the high rises of temperature 
observed in several cases. 

The curves for speeds of зоо and боо ОТ рег 
minute again cross at the bottom end of the coil. There 
appears to be an intensification of this effect which was 
noticed in Plate I. 

3. Plate IV. shows the effect of increased speed of 
rotation of the armature, on the rise of temperature through 
the depth of the winding, a£ points situated halfway along 
the axis of the coil, according as the armature is running 
light or with currents of 30 and 55 amperes. 

The temperature gradient through the depth of the 
winding being of such great importance in considering 
the radiation of heat from the coil, a note is here neces- 
sary as to the method by which the curves are obtained. 
ОЕ the four points plotted, three are determined from the 
readings of the thermometer placed in a horizontal plane 
in positions halfway along the axis of the coil, at the 
inner, mid, and outer layers (Fig. 4, p. 1163). Тһе fourth 
point is given by the readings of the two flat thermo- 
meters (Fig. 2, p. 1160) inserted in the winding between the 
inner and mid layers. It may here be mentioned that 
no difference of temperature has been observed between 
these thermometers in any of the experiments. Hence 
it may be said, that (at any rate at that particular depth 
of the winding) there is no appreciable difference of 
temperature between the side of the coil facing the 
neighbouring field coil, and the side exposed to the air 
directly. 


Although these flat thermometers extend half an inch. » 


“лаһ кізе ақым “мн enl mw алада, 


IN THE FIELD COILS ОЕ DYNAMOS. 1169 


д/ғесе fanning 


Armature воатр. 
Direct fanning 


$3 


RINNY 9 49249 S/779u230h23/ JO эту 


Хоте.--Тһе Positions of Thermcmeters at different Layers are indicated оп the Curves by black dots. 


: 
“Б/лоу © 49249 BINTRIAUIY уо эту 


Inner layer 
E Armature 308mg 
Direct fanning 


1168 BROWN: THE RISE OF TEMPERATURE 


with other similar effects in subsequent curves, will be 
discussed later, as it was the subject of further experiment. 

2. Plates II. and III. show the effect of increased speed 
of rotation of the armature, when the armature carried 
currents of 30 amperes and 55 amperes respectively. 

The general effects of increase of speed are the same 
as when the armature is running light (Plate I.). 

The rise of temperature at the lower speeds of rotation 
is rather high in parts of the coil, but the conditions of 
running (1.е., about one-quarter normal speed, and full load 
armature current) are abnormal. Тһе proximity of the 
heated armature to the top end of the field coil is un- 
doubtedly the cause of the high rises of temperature 
observed in several cases. 

The curves for speeds of 300 and боо же оле рег 
minute again cross at the bottom end of the coil. There 
appears to be an intensification of this effect which was 
noticed in Plate I. 

3. Plate IV. shows the effect of increased speed of 
rotation of the armature, on the rise of temperature through 
the depth of the winding, at points situated. halfway along 
lhe axis of the coil, according as the armature is running 
light or with currents of 30 and 55 amperes. 

The temperature gradient through the depth of the 
winding being of such great importance in considering 
the radiation of heat from the coil, a note is here neces- 
sary as to the method by which the curves are obtained. 
ОҒ the four points plotted, three are determined from the 
readings of the thermometer placed in a horizontal plane 
in positions halfway along the axis of the coil, at the 
inner, mid, and outer layers (Fig. 4, p. 1163). Тһе fourth 
point is given by the readings of the two flat thermo- 
meters (Fig. 2, p. 1160) inserted in the winding between the 
inner and mid layers. It may here be mentioned that 
no difference of temperature has been observed between 
these thermometers in any of the experiments. Hence 
it may be said, that (at any rate at that particular depth 
of the winding) there is no appreciable difference of 
temperature between the side of the coil facing the 
neighbouring field coil, and the side exposed to the air 
directly. 


Although these flat thermometers extend half an inch. : 
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with other similar effects in subsequent curves, will he 
discussed later, as it was the subject of further experiment. 

2. Plates II. aud III. show the effect of increased speed 
of rotation of the armature, when the armature carried 
currents of 30 amperes and 55 amperes respectively. 

The general effects of increase of speed are the same 
as when the armature is running light (Plate I.). 

The rise of temperature at the lower speeds of rotation 
is rather high in parts of the coil, but the conditions of 
running (1.е., about one-quarter normal speed, and full load 
armature current) are abnormal. Тһе proximity of the 
heated armature to the top end of the field coil is un- 
doubtedly the cause of the high rises of каш 
observed in several cases. 

The curves for speeds of 300 and боо тезш Бе рег 
minute again cross at the bottom end of the coil. There 
appears to be an intensification of this effect which was 
noticed in Plate I. 

3. Plate IV. shows the effect of increased speed of 
rotation of the armature, on the rise of temperature through 
the depth of the winding, at points situated halfway along 
the axis of the coil, according as the armature is running 
light or with currents of 30 and 55 amperes. 

The temperature gradient through the depth of the 
winding being of such great importance іп considering 
the radiation of heat from the coil, a note is here neces- 
sary as to the method by which the curves are obtained. 
Of the four points plotted, three are determined from the 
readings of the thermometer placed in a horizontal plane 
in positions halfway along the axis of the coil, at the 
inner, mid, and outer layers (Fig. 4, p. 1163). The fourth 
point is given by the readings of the two flat thermo- 
meters (Fig. 2, p. 1160) inserted in the winding between the 
inner and mid layers. It may here be mentioned that 
no difference of temperature has been observed between 
these thermometers in any of the experiments. Hence 
it may be said, that (at any rate at that particular depth 
of the winding) there is no appreciable difference of 
temperature between the side of the coil facing the 
neighbouring field coil, and the side exposed to the air 
directly. 


Although these flat thermometers extend half an inch » 
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on either side of the mid point along the axis, yet the rise 
of temperature indicated by them may be taken as the rise 
of temperature halfway along the axis. For the rise of 
temperature along the axis is represented by some such 
curve as in Fig. 7. The flat thermometer measures the 
average temperature over a length a, c, b, which 1$ practi- 
cally the actual temperature at the mid point along the 
axis. А fifth reading would have enabled the maximum 


Temperature at any given Lager. 


FIG. 7. 


temperatures to be determined with greater accuracy, but 
the maxima shown are probably not far removed from the 
correct values. 

The most striking feature of the curves is the high 
maxima exhibited, particularly when the armature was 
loaded at the lower speeds of rotation. Under арргохі- 
mate full-load conditions (55 amperes at 1,200 revolutions 
per minute) the maximum rise of temperature was about 
боо C. The average rise through the depth of winding was 
509 С, while the surface rise was 29° С. Such figures show 
that:surface temperature readings may prove misleading as 
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to the actual temperature within the coil itself. There ts, 
in fact, quite as large a difference of temperature between the 
hottest part of the winding and Ше surface of the coil, as 
there is between the surface of the coil and the air of the 
room. 

The hottest layer of the winding is about one-fourth of 
the total depth of winding from the inner layer. The 
magnet cores thus play an important part in the removal 
of heat from the coil. Not only do they remove heat from 
about one-fourth of the winding, but that fourth is much 
hotter than a fourth near the surface, and consequently the 
rate of heat production in it 15 greater than in the latter 
case. 

Increase of armature speed is accompanied under all 
conditions of armature load by an increase of temperature 
gradient to the surface of the coil, because the cooling 
effects due to increase of speed are most marked at the 
outer layers, and diminish through the depth of the 
winding as the iron is approached. This is clearly shown 
by the dotted lines. At 300 revolutions per minute the mid 
layer is hotter than the inner layer, while at 1,200 revolu- 
tions per minute the reverse is the case. Тһе temperature 
gradient to the surface of the coil is greater when the 
armature is loaded than when it is running light, the speed 
of rotation being unaltered. 

4. Plates V., УІ.) VIL, and VIII. show the effect of 
changes of armature current on the rise of temperature in 
the coil at speeds of 300, 600, 900, and 1,200 revolutions 
per minute respectively. 

At 300 revolutions per minute increase of armature 
current is in all cases accompanied by increased rise of 
temperature. The temperature gradients to the top end of 
the coil diminish as armature load increases, the tempera- 
ture gradients to the bottom end being but little affected. 
This is probably due to the heating of the magnet cores by 
radiation from the armature. Тһе iron at the bottom end 
being less subject to this effect than that at the top end, its 
efficiency in the removal of heat from the coil would be 
little impaired. 

The increased rises of temperature accompanying in- 
crease of armature current are more marked at the inner 
than at the surface layers. This accounts for the increase 
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of temperature gradient to the surface of the coil through 
the depth of the winding when the armature load is in- 
creased, which was noticed in Plate IV. 

At боо revolutions per minute (Plate VI.) at the mid 
and outer layers, more particularly at the latter, the 
temperature rise is less when the armature load 15 30 
amperes than when it is running light. A similar. but 
less marked effect is seen in Plate VII. at 9oo revolutions 
per minute. At 1,200 revolutions per minute increased 
armature current is always accompanied Бу increased rise 
of temperature (Plate VIII.). This matter will be subse- 
quently referred to. 

Speaking generally, it may be said that increase of 
armature current diminishes the concavity of the curves, 
the speed of rotation being unaltered. 

It may be said that with reference to the directly fanned 
coil— 


(a) There is a marked concavity in all curves showing 
the rise of temperature along the axis of the 
coil at any particular layer of the winding. 

(b) Increased speed of rotation of the armature con- 
siderably reduces this concavity, under all con- 
ditions of armature load. 

(c) While the temperature gradient to the end surfaces 
is thus reduced, increased speed of rotation 
increases the temperature gradient through the 
depth of the winding, under all conditions of 
armature load. 

(4) For any given speed of rotation the temperature 
gradient through the depth of the winding 15 
increased by increase of armature load. 


INDIRECTLY FANNED COIL. 


Consider now the curves obtained when the coil was 
indirectly fanned (Fig. 6, Е», p. 1165). 

I. Plate IX. shows the effect of increase of speed оп 
the rise of temperature at different layers of the winding 
when the armature is running light. 

Concavity is again exhibited. Тһе effects of increased 
speed are the same in general character, although less in 
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extent, than in the corresponding case with direct fanning 
(Plate I.). The cooling effects at the top end of the coil 
are not nearly so great as in the latter case, and it is not 
until a speed of 9oo revolutions per minute 1s reached that 
the top end of the coil becomes cooler than the bottom 
end. The rises of temperature are greater than when the 
coil was directly fanned. These differences of rise of 
temperature increase as the speed increases, the strong 
currents of air set up at the higher speeds acting very 
beneficially on the directly fanned coil and less БепевааПу 
on the indirectly fanned coil. 

2. Plates X.and XI. show the effect at different layers 
of the winding of increasing the speed of rotation, the 
armature currents being 30 amperes and 55 amperes 
respectively. 

The general features are the same as those exhibited in 
Plate IX. The temperature rises are greater than in the 
corresponding with direct fanning (Plates И. and III.). 

Concavity diminishes as the speed is increased, but the 
cooling effect is more uniform along the axis of the coil 
than in the case of direct fanning, in which the localised 
fanning at the top end of the coil resulted in a far from 
uniform cooling action. 

A comparison of Plates IX., X., and XI. with Plates I, 
II., and 111. shows that at зоо revolutions per minute the 
temperature distribution is much the same in the cases of 
direct and indirect fanning, and the temperature rises are 
little different. But at 1,200 revolutions per minute the 
temperature distribution is quite different іп the two cases, 
although there is little ditference in the average temperature 
rise. 

The following table shows that for a given speed, when 
the armature is running light there is a considerable differ- 
ence in the rise of temperature in the cases of direct and 
indirect. fanning, but that as the armature load increases 
this difference diminishes, an equalisation of temperature 
between the coils resulting :— 


IN THE FIELD COILS ОЕ DYNAMOS. 1181 


Armature speed, 1,200 revolutions per minute. 


Average Rise of Temperature along Axis, 
Armature Current. 


Inner Layer. Mid Layer. Outer Laver. 
| oC. | °С. «C 
nud p | E — | fuco М 
Direct fanning... | 4210 o 46 20`8 
Light | Indirect  ,, үз 495 | 49'3 368 
| 
——— --- -- --- M P 
Direct fanning — ... 452 432 303 
ер f Indirect  ,, бін | 423 460 339 
m Direct fanning... | 409 474 340 
55 ар. 1 Indirect ,, Bs | 51°5 495 372 


The cooling of the indirectly fanned coil which takes 
place when the armature current is increased will be again 
referred to. 

2. Plate XII. shows the effect of increased speed of 
rotation on the temperature rise through the depth of 
the winding, at points situated halfway along the axis of 
the coil, according as the armature runs light or with 
a current of 30 or 55 amperes. 

The high maxima are again. prominent features of the 
curves, particularly under the abnormal conditions. Under 
approximately full-load conditions (armature current 55 
amperes, at 1,200 revolutions per minute) the maximum 
rise through the depth of the winding at this distance 
along the axis of the coil is about 629 C. Тһе average 
rise as given by the curve is 52:59 C., while the surface rise 
15 32789 C. These figures show what a large difference of 
temperature there is between points inside the winding and 
the surface of the coil. 

Under any conditions of armature load increased speed 
of rotation is accompanted by increased temperature 
gradient to the surface of the coil. 

4. Plates XII., XIV., XV., and XVI. show the effect 
of changes of armature current on the rise of temperature 
at different layers of the winding, the speeds of rotation 
being 300, 600, 900, and 1,200 revolutions per minute 
respectively. 

In all cases the observed rise of temperature is less 
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when the armature carries а current of 20 amperes than 
when it is running light. The effect is not confined to 
the surface layers, and appears to increase slightly as 
the speed increases. 

In Plates XV. and XVI. the 55-ampere curves іп some 
cases fall slightly below those obtained when the armature 
was running light. This result was the subject of further 
experiments. 

Increase of armature current decreases the concavity. 

Summarising the results, it may be said with reference to 
the indirectly fanned coil— 


(a) That there is a marked concavity in all curves 
showing the rise of temperature along the axis 
of the coil at any particular layer of the winding. 

(b) That increased speed of rotation of the armature 
reduces this concavity under most conditions of 
armature load. (The reduction is not so marked 
at full load.) 

(c) That if the armature current is unaltered, increased 
speed of rotation increases the temperature gradient 
to the surface of the coil through the depth of 
the winding. 

(d) That increase of the armature current at a given 
speed of rotation does not result in so great an 
increase of temperature gradient to the surface of 
the coil as in the case of direct fanning. (At the 
higher speeds of rotation any such effect is entirely 
absent.) 


A comparison of these results with those obtained in the 
case of the directly fanned coil (see p. 1197) will show that 
the magnitude of effects (5), (c), and (d) is much greater in 
the latter case. It may, therefore, be expected that the 
effect of the end surfaces will be less in the directlv fanned 
coil than in the indirectly fanned coil, and the part plaved 
by the end surfaces in the dissipation of heat will now be 
considered. 

In practice it is usual to neglect the end surfaces in 
estimating the area of radiating surface, except in the case 
of short magnets with deep windings. The experimental 
winding is 1°6 inches deep and 8:5 inches long, proportions 
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which would lead to the neglecting of the end surfaces. 
The heat developed in any element of the winding by the 
passage of a current is dissipated— 

I. By conduction across the insulating material from 
layer to layer to the surface of the coil. 


2. By conduction across the insulating material. from 
turn to turn of any layer to the end surfaces. 


3. By conduction in а spiral path along the wire itself. 


4. By raising the temperature of the element itself, this 
term disappearing when а steady state is reached. 


With reference to the flow in a spiral path along the 
wire, consider a point in the winding about halfway along 
the axis at any layer. There is a temperature gradient 
towards one end of the coil, and therefore a flow of heat 
from the point considered towards that end along the wire. 
The temperature of the wire diminishes as the end is 
approached, and then begins to increase as the wire is 
wound back upon itself. to form the next layer. Тһе 
change from decreasing to increasing temperature must be 
a gradual one, or, in other words, the temperature gradient 
along the wire passes through a zero value at the end of the 
layer. The flow of heat along the wire ts there zero. Hence 
the heat which commences to flow in a spiral path. from a 
point situated at some distance from the end surface will be 
dissipated by lateral leakage across the insulation, either to 
the surface of the coil itself ог to the епа surface. The 
flow of heat in these two directions (т апа 2 above) will 
now be considered. 

The temperature gradients to the surface of the coil and 
to the end surface, from a point haltway along the axis of 
the coil at the mid laver, have been measured from the 
curves for both direct and indirect fanning, and are tabu- 
lated on page 1188. The cases taken are those of light 
and full loads at the normal speed of the machine. 
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Temperature Gradient Temperature Gradient 


1,200 Revolutions per Minute. to Surface of Coil. to End of Coil. 
9C. per inch. оС. per inch. 
. ature light ...... 2221 о 
Direct Armat & 73 
fannin 
ming Уз 55 amp.... 26`4 0'64 
е Armature light ...... 24° 2° 
Indirect н > +9 33 
fannin | | 
5 » 55 amp. eee 24°4 2 21 


From these figures it follows that when the armature is 
running light, the temperature gradient to the surface of the 
coil from the point considered is about 30 times the gradient 
to the end surface when directly fanned, and about 1077 
times that gradient when indirectly fanned. Тһе corre- 
sponding ratios when the armature is loaded are ді and тт. 
The end surfaces are thus of greater importance in the latter 
than in the former case. 

The difference in rise of temperature between thermo- 
meters equidistant from the top of the coil at the mid and 
outer layers is greater for the thermometers at the mid point 
of the axis than for those nearer the ends. Hence the 
temperature gradient to the surface of the coil is less at 
horizontal sections near the ends than at sections near the 
mid point of the axis. On the other hand, the temperature 
gradients to the end surfaces are greater from points near 
the ends than from points near the mid point of the axis. 
For this double reason, the end surfaces become of greater 
importance as they are approached from points some 
distance along the axis of the coil. By comparing the drop 
in temperature from the mid to the outer layer, as given bv 
the thermometers at the top end of the coil, with the drop 
which exists between these layers halfway along the axis 
where the temperature gradient is known, some estimate 
can be made of the temperature gradient to the surface of 
the coil at a horizontal section near the end. Such an 
estimate was made in the cases just considered, and it was 
found that the temperature gradient to the surface of the 
coil from a point situated 1 inch from the top end at the 
mid layer was about 477 times the temperature gradient to 
the end surface when running light, and about 7-0 times 
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that gradient when running at full load (55 amperes), the 
coil being directly fanned and the speed being 1,200 revolu- 
tions per minute. Corresponding figures for the case of the 
indirectly fanned coil were found to be 4'3 and 4'6. Such 
estimates are necessarily approximate, but the figures show 
that the end surfaces are much more comparable with the 
surface of the coil itself in the radiation of heat from parts 
of the coil near the ends than from parts near the mid point 
of the axis. 

In order to obtain some idea of the effect of the end 
surfaces, the coil was removed from the machine and 
placed on supports, so as to raise it some distance from 
the floor. А current of 21 amperes was passed through the 
coil, and the rises of temperature of the various thermo- 
meters observed. Тһе ends of the coil were then covered 
with layers of felt, which did not, however, obstruct the free 
passage of air through the coil. The same current was then 
passed through the coil, and the rises of temperature observed. 
The differences of rise of temperature in the two cases are 
shown below. Тһе increased rise of temperature when the 
ends were felted was most marked at the ends of the coil, 
as would be expected, and was greater at the inner than at 
the mid or outer layers. 


Rise of temperature, ends of coil felted, minus rise of temperature, 
ends of coil not felted. Coil standing in air ой the 
machine. °C, 


Top end. Halfway along axis. Bottom end. 
Inner layer 6:2 3:6 63 
Mid layer 4'9 2:6 47 
Outer layer 37 I'9 31 


The coil was then placed on the field magnet limb, the 
neighbouring field coil and armature being removed. Two 
similar experiments to the above were made to ascertain the 
effect of felting the ends when the coil had an iron core. 
The rises of temperature were again greater when the ends 
were felted, and were more marked at the ends of the coil 
than at points halfway along the axis. The differences in 
rise of temperature were, however, much smaller than when 
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Temperature Gradient | Temperature Gradient 


1,200 Revolutions per Minute. to Surface of Coil. to End of Coil. 
°C, per inch. 9C. per inch. 
mature light ...... 22'I о 
Direct Armatu & 73 
fannin 
ning ‘5 55 amp... 26°4 0'64 
; Armature light ...... 24° 2°33 | 
Indirect m ght +9 33 
fannin | | | 
Б > 55 amp. aoe 24 4 2 21 


From these figures it follows that when the armature is 
running light, the temperature gradient to the surface of the 
coil from the point considered is about 30 times the gradient 
to the end surface when directly fanned, and about 10°7 
times that gradient when indirectly fanned. The corre- 
sponding ratios when the armature is loaded are 41 and 11. 
The end surfaces are thus of greater importance in the latter 
than in the former case. 

The difference in rise of temperature between thermo- 
meters equidistant from the top of the coil at the mid and 
outer layers is greater for the thermometers at the mid point 
of the axis than for those nearer the ends. Hence the 
temperature gradient to the surface of the соп 1$ less at 
horizontal sections near the ends than at sections near the 
mid point of the axis. On the other hand, the temperature 
gradients to the end surfaces are greater from points near 
the ends than from points near the mid point of the axis. 
For this double reason, the end surfaces become of greater 
importance as they are approached from points some 
distance along the axis of the coil. By comparing the drop 
in temperature from the mid to the outer layer, as given bv 
the thermometers at the top end of the coil, with the drop 
which exists between these layers halfway along the axis 
where the temperature gradient is known, some estimate 
can be made of the temperature gradient to the surface of 
the coil at a horizontal section. near the end. Such an 
estimate was made in the cases just considered, and it was 
found that the temperature gradient to the surface of the 
coil from a point situated 1 inch from the top end at the 
mid layer was about 477 times the temperature gradient to 
the end surface when running light, and about 770 times 
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that gradient when running at full load (55 amperes), the 
coil being directly fanned and the speed being 1,200 revolu- 
tions per minute. Corresponding figures for the case of the 
indirectly fanned coil were found to be 4°3 and p6. Such 
estimates are necessarily approximate, but the figures show 
that the end surfaces are much more comparable with the 
surface of the coil itself in the radiation of heat from parts 
of the coil near the ends than from parts near the mid point 
of the axis. 

In order to obtain some idea of the effect of the end 
surfaces, the coil was removed from the machine and 
placed on supports, so as to raise it some distance from 
the floor. A current of 2} amperes was passed through the 
coil, and the rises of temperature of the various thermo- 
meters observed. The ends of the coil were then covered 
with layers of felt, which did not, however, obstruct the free 
passage of air through the coil. The same current was then 
passed through the coil, and the rises of temperature observed. 
The differences of rise of temperature in the two cases are 
shown below. The increased rise of temperature when the 
ends were felted was most marked at the ends of the coil, 
as would be expected, and was greater at the inner than at 
the mid or outer layers. 


Rise of temperature, ends of coil felted, minus rise of temperature, 
ends of coil not felted. Coil standing 1n air ott the 
machine. "C. 


Top end. Halfway along axis. Bottom end. 
MMC Кинен M CA M ын ыу 
Inner laver | 62 30 63 
Mid layer 4'9 2:6 47 
Outer layer 277 I'9 31 


The coil was then placed on the field magnet limb, the 
neighbouring field coil and armature being removed. Two 
similar experiments to the above were made to ascertain the 
effect of felting the ends when the coil had an iron core. 
The rises of temperature were again greater when the ends 
were felted, and were more marked at the ends of the coil 
than at points halfway along the axis. The differences in 
rise of temperature were, however, much smaller than when 
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Temperature Gradient. | Temperature Gradient 


1,200 Revolutions per Minute. to Surface of Coil. to End of Coil. 
°C. рег inch. оС. per inch. 
ature light ...... 2271 о 
Diréet Armature light 73 
fannin 
Б » 55 amp.... 26-4 0'64 
Armature light ...... 24° 2° 
Indirect f Armature lig 49 35 
fanning р | | 
5 » 53 amp. ... 24 4 2 2I 


From these figures it follows that when the armature is 
running light, the temperature gradient to the surface of the 
coil from the point considered is about 30 times the gradient 
to the end surface when directly fanned, and about 1077 
times that gradient. when indirectly fanned. Тһе corre- 
sponding ratios when the armature is loaded are ді and 11. 
The end surfaces are thus of greater importance in the latter 
than in the former case. 

The difference in rise of temperature between thermo- 
meters equidistant from the top of the coil at the mid and 
outer layers is greater for the thermometers at the mid point 
of the axis than for those nearer the ends. Hence the 
temperature gradient to the surface of the coil is less at 
horizontal sections near the ends than at sections near the 
mid point of the axis. On the other hand, the temperature 
gradients to the end surfaces are greater from points near 
the ends than from points near the mid point of the axis. 
For this double reason, the end surfaces become of greater 
importance as they are approached from points some 
distance along the axis of the coil. By comparing the drop 
in temperature from the mid to the outer layer, as given bv 
the thermometers at the top end of the coil, with the drop 
which exists between these layers halfway along the axis 
where the temperature gradient is known, some estimate 
can be made of the temperature gradient to the surface of 
the coil at a horizontal section near the end. Such ап 
estimate was made in the cases just considered, and it was 
found that the temperature gradient to the surface of the 
coil from a point situated 1 inch from the top end at the 
mid layer was about 477 times the temperature gradient to 
the end surface when running light, and about 7-0 times 
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that gradient when running at full load. (55 amperes), the 
coil being directly fanned and the speed being 1,200 revolu- 
tions per minute. Corresponding figures for the case of the 
indirectly fanned coil were found to be 47/3 and 4:6. Such 
estimates are necessarily approximate, but the figures show 
that the end surfaces are much more comparable with the 
surface of the coil itself in the radiation of heat from parts 
of the coil near the ends than from parts near the mid point 
of the axis. 

In order to obtain some idea of the effect of the end 
surfaces, the coil was removed from the machine and 
placed on supports, so as to raise it some distance from 
the floor. A current of 21 amperes was passed through the 
coil, and the rises of temperature of the various thermo- 
meters observed. The ends of the coil were then covered 
with layers of felt, which did not, however, obstruct the free 
passage of air through the coil. The same current was then 
passed through the coil, and the rises of temperature observed. 
The differences of rise of temperature іп the two cases are 
shown below. Тһе increased rise of temperature when the 
ends were felted was most marked at the ends of the coil, 
as would be expected, and was greater at the inner than at 
the mid or outer layers. 


Rise of temperature, ends of coil felted, minus rise of temperature, 
ends of coil not felted. Coil standing in air ott the 
machine. °C, 


Top end. Halfway along axis. Bottom end. 

Inner layer | 62 30 6:3 
Mid layer 4'9 2:6 47 

Outer layer 3 I'9 31 
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The coil was then placed on the field magnet limb, the 
neighbouring field coil and armature being removed. Two 
similar experiments to the above were made to ascertain the 
effect of felting the ends when the coil had an iron core. 
The rises of temperature were again greater when the ends 
were felted, and were more marked at the ends of the coil 
than at points halfway along the axis. The differences in 
rise of temperature were, however, much smaller than when 
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the coil had an air core, varying from 2? C. to 3? C. at the 
inner layer to from 19 C. to 29 C. at the outer layer. This 
is probably due to the fact that the rise of temperature was 
less when the coil had an iron core than when it was 
standing off the machine, the ends of the coil not being in 
either case felted. "This difference of rise of temperature 
was as much as 79 C. at the inner layer, and 29 C. at the 
outer layer. Тһе iron is thus more efficient in the removal 
of heat from the inner layers than the air convection cur- 
rents, and it might be expected that the effect of felting the 
ends would be less in the case of an iron core than in the 
case of an air соге. 

In all these cases the concavity of the curves was very 
marked, yet the average increased rise of temperature pro- 
duced by felting the ends when the coil had an iron core 
was not more than 39 C. Under normal working conditions 
the concavity would be less, and felting the ends would 
probably produce but little effect; but the wood ends of 
the bobbin form a fairly good thermal non-conductor, so 
that an additional layer of felt may matter but little. The 
curves seem to indicate that benefits would accrue to the 
coil И the ends were better heat conductors. Perforation 
of metal ends and insulating material, so arranged that thc 
holes in the one do not come opposite the holes in the 
other, would improve the thermal conductivity of the ends; 
but the extent to which the conductivity could be improved 
by this or some other similar means would be governed by 
considerations of insulation resistance. 

A probable cause of the concavity of the curves is the 
high temperature coefficient of the copper itself. Consider 
any layer of the winding initially at a uniform temperature. 
If an electric current is passed through it the rate of genera- 
tion of heat will be the same in each element of the wire. 
After a few seconds the turns of the layer some little distance 
along the axis become slightly warmer than those nearer the 
ends. Consequently the rate of generation of heat in the 
elements now becomes unequal, being greater in the warmer 
than in the cooler elements. There is, therefore, a tendency 
to increase the inequality of temperature, which is itself the 
cause of unequal generation of heat. Such an effect 15 
cumulative, and the curves become more and more concave 
as time goes on until a steady state is reached. Ш the wire 
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had a negligible or a lower temperature coefficient the 
concavity would probably be much less pronounced. 


FURTHER EXPERIMENTS. 


Further experiments were made to ascertain the cause of 
the unexpected crossing of certain curves previously noticed. 
(Plates I., III., VI., VIIL, XIII., XIV., XV. and XVI.) 

The author thought that the effects might be attributable 
to the cooling action of upward convection currents of air, 
induced by the presence of a heated armature above the 
held coil. Experiments were made with a stationary arma- 
ture carrying various currents, but the heating effects 
obtained in the coil were always greater than when the 
armature was cold. 

Professor Ayrton suggested to the author that possibly 
the rotation of the armature gave directive action to convec- 
tion currents. A lighted candle placed within a lamp glass 
from which access of air is excluded at the bottom, only 
continues to burn when some partial obstacle such as a 
metal strip is placed at the top of the glass. Heated air 
then ascends at one side, cold air to maintain the com- 
bustion descending at the other side of the glass. If there 
is an analogy between this simple experiment and the 
problem under consideration, then a speed of rotation quite 
insufficient to produce cooling effects attributable to fan- 
ning action should give such direction to convection currents 
as will result in smaller rises of temperature in the field coil 
when the armature is very slowly rotating, than when it is 
stationary, its temperature being the same in each case. 

The experimental coil was placed on the indirectly 
fanned limb of the machine so as to be as Нее as possible 
from any cooling effects due to armature rotation only. 
The field coils were connected in parallel so as to producea 
weak field, and a speed of 4o revolutions per minute was 
obtained without the use of a brake on the pulley, the arma- 
ture current being 20 amperes. The armature temperature 
rose to 3749 C. When the armature was stationary and 
carried 20 amperes its temperature rose to 3559 C. The 
rises of temperature in the field coil were, however, from 
24 to 3 per cent. less in the former than in the latter case. 
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The armature was then run light at 40 revolutions per 
minute, attaining a temperature of 26:29 C. The rises of 
temperature in the field coil were 13 per cent. greater than 
when the armature carried a current of 20 amperes, rotated 
at the same speed, and attained a temperature of 3749. 
Other confirmatory experiments were made. 

The results agree with those obtained at speeds at 300, 
600, 900 and 1,200 revolutions per minute in the case of the 
indirectly fanned coil. 

It may, therefore, be said that a heated slowly rotating 
armature produces a different effect from a heated stationary 
armature at practically the same temperature, and it further 
possesses the power of assisting or directing convection currents 
which is not possessed, or 15 possessed to a less extent, by a 
colder armature rotating at the same speed. 

The observed effects, though small, are not ascribable to 
differences of initial temperature of the coil itself, which in 
every case are on the side of increasing rather than of 
decreasing them. Nor are they due to variations of room 
temperature. The rise of temperature of the room during 
an experiment was usually about 1:59 С., and never varied 
by more than о:59 C. on any two days. А separate experi- 
ment, in which there was no current through the coil, 
showed that it followed the changes of room temperature 
very slowly. 

In the case of the directly fanned coil, the crossing of the 
curves іл Plates I. and III. is probably due to the cold con- 
vection current of air impinging оп the bottom end of the 
coil. Such a convection current would have full scope for 
action, as the fanning action due to armature rotation 15 
small at the bottom end of the coil at these speeds. The 
driving of the point of maximum temperature at the outer 
layer along the axis of the coil towards the bottom end 
may also tend to produce the crossing of the curves. 


DIRECTLY FANNED COIL. 


With reference to the smaller rise of temperature 
observed in the case of the directly fanned coil at speeds of 
боо and goo revolutions per minute, when the armature 
carried a current of 30 amperes, than when it was running 
light (Plates VI. and VIL), the author regrets that he cannot 
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put forward a definite explanation which would not appear 
to lead to the same result being produced at 1,200 revolu- 
tions per minute, when, as a matter of fact, this curious 
effect was not found to exist. The question 15 a complicated 
one, and the consideration. of the following points may 
throw some light upon it. 

When the armature was running light its surface tem- 
perature was taken by a mercury thermometer after each 
run, and it was found to increase with the speed. (See 
Fig. 8. This is due to the fact that hysteresis апа eddy- 
current losses are the chief causes of heating, and the latter 


Rise of temp. after 5 hours. 


Жиз. per min. 


600 900 


Fic. 8. 


cause varies as the square of the speed. When the arma- 
ture load is increased, C?R losses come into prominence 
and the ordinates of Кір. 8 have to be increased. It was 
found that when the armature was loaded, its surface was 
unequally heated, and surface temperature readings were of 
no value. But it is clear from Fig. 8 that the armature 
temperature when the current is 30 amperes may be almost 
the same at all speeds, the ordinates having to be increased 
by larger amounts at the lower than at the higher speeds. 
The temperature of the air fanning the сой depends to some 
extent on the armature temperature апа speed, the latter 
determining the time of contact of the air with the armature. 
Fig. 8 shows that the temperature of the air fanning the 
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coils may be nearly the same at all speeds when the arma- 
ture runs light, because although the time of contact is less 
at the higher speeds the armature is hotter than at lower 
speeds. On the other hand, if the armature temperature 
when carrying 30 amperes is nearly independent of the 
speed, the temperature of the air fanning the coil would 
probably decrease as the speed increased. Such effects acting 
in conjunction with those described relative to convection 
currents may explain the results. Up to the present, the 
author is unable to put forward any other explanation. 


CONCLUSION. 


The results of the experiments may now be briefly 
summarised. 

(a) Owing to the considerable temperature gradient 
. towards the ends of the coil, more importance might with 
advantage be attached to making the end surfaces of as high 
thermal conductivity as insulation resistance requirements 
would permit. 

(b) Owing to the important part played by the magnet 
cores іп the removal of heat from the coil, an increase 
of the thermal conductivity of the materials interposed 
between the winding and the cores would be beneficial. 
Since the iron core is more efficient in the removal of 
heat from the coil than convection currents of air, it appears 
desirable that the bobbin should fit well on the magnet 
cores. 

(c) Owing to the large difference of temperature between 
portions of the winding and the surface of the coil itself, 
especially about halfway up the coil, it might be advan- 
tageous to make the winding somewhat shallower about the 
mid point of the axis. 

The surface of the coil itself is much more important 
than the end surfaces in the radiation of heat, but it is 
questionable whether the plan adopted in some recent 
machines of corrugating the surface with a view of increas- 
ing the cooling area is of much value, seeing that the area 
normal to the lines of flow of the heat is not thereby 
increased. 

(d) In certain cases a considerable increase in the 
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current flowing through the armature is found to produce 
a sensible diminution in the temperature of the field magnet 
coils, although the current passing through them and the 
speed of rotation of the armature are kept unchanged. 

In conclusion, the author desires to thank Professor 
Ayrton and the members of his staff for much kind assist- 
ance during the progress of the work. He is also indebted 
to Professor Hay, Royal Indian Engineering College, 
Cooper's Hill, for many useful suggestions both before and 
during the research. 
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THE APPLICATION OF ELECTRIC POWER TO 
MACHINE TOOLS. 


By C. BASIL NIXON. 


(Abstract of a Paper read before the Students’ Section of the Institution of 
Electrical Engineers, on Wednesday, Мау 151, 1901.) 


During the last six months quite a number of papers have been read 
before this and other technical institutions dealing with some branch 
of the subject of which this paper treats. Тһе majority of the 
authors have, however, devoted themselves to examining various svstems 
of distribution and advancing figures as to the economy of electrical 
distribution over the older methods of power transmission by shafting 
or by isolated engines. 

Speaking generally, I suppose every engineer is convinced that 
in the majority of cases electrical transmission is better than anv 
other known form, and that it should be adopted whenever circum- 
stances permit. I shall not, therefore, take up time with arguments 
more suited to a meeting of works managers, ог foremen engineers, 
but propose rather, by the kind permission of Mr. H. A. Ноу, Chief 
Mechanical Engineer of the Lancashire and Yorkshire Railway Com- 
pany, to give a detailed account of two of the above-mentioned Company's 
plants, and to supplement it with results of tests made to discover the 
power required to perform various operations. 

Leaving aside the propulsion of trains, there are an infinite number 
of uses to which electrical energy can be put on any ordinary trunk 
railway, the principal of such being arc and incandescent lighting. 
railway carriage lighting, and the driving of machine tools, pumps, 
cranes, hoists, lifts, capstans, etc. For such purposes the Lancashire 
and Yorkshire Railway Company have ten separate power-stations, two 
of which (those at Newton Heath and at Oldham Road, Manchester) 
I propose describing. There is nothing remarkable either in the 
arrangement or size of either of these plants, but I venture to hope 
that some particulars will be of interest to those in charge of similar 
installations. 


(1) NEwroN HEATH WORKS. 


The Newton Heath Works have а total ground area of forty-one 
acres and a covered area of twelve acres, and are employed in the 
construction and repairs of the Company's carriage, waggon, lurry and 
parcel-cart stock, the timber for the make of which is received in logs 
and the usual trade scantlings. 
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These works have been in operation some twenty-five усагв. The 
introduction of electricity is of recent date and as yet only partial. 

Generating Plant.— he first electrical machinery introduced. con- 
sisted of a dynamo belted to the saw-mill shafting, and was used to light 
the mill and general offices as a precaution against бге. This was followed 
three vears ago last autumn by two Willans engines with Mather and 
Platt continuous-current compound-wound dynamos of 65 kilowatts at 

135 volts capacity. These sets were followed carly last усаг Бу two 
others of the same capacity but of the Company's own design, made 
at their Horwich works. 

The Pressure of supply is at present 110 volts, but it is proposed to 
change this to 220 volts, three-wire system, new motors being wound 
for 220 volts, but the incandescent lighting remaining at Tro volts. 

lt is thought that 110 volts is more convenient. where а large 
number of portable lamps are in use, the plug connectors and flexibles 
of which have to be handled by non-technical men. 

Arc Lighting. There are at present seventy-six arc lamps, mostly of 
the double carbon open type, together with а few enclosed lamps in 
positions difficult of access for purposes of trimming. The wires 
serving the outside lamps are bare on insulators. 

Incandescent Lighting.— V here is ап equivalent. of 1,550 lamps of 
8 C.P. in use, 180 of these being portable lamps for the use of workmen 
in coaches. The method of connecting the portable lights is by adapters 
and extra lamp-holders on the fixed drop-light fittings. 

When the drop is used exclusively for portable lamps the svstem 
works fairly well, but where it carries also а lamp-shade and is fixed 
higher than ordinarily the wear and tear is very heavy. 

When carrying out work in this manner three-wire flexible should 
be used, and a third lead run so that the fixed lights and portables may 
be on ditterent circuits. Тһе portables are required by day as well as 
during lighting hours. 

Motors.—Theaggregate horse-power fixed or in progress 1s 277 B. H.P., 
which has been arranged so as to do away with all outlving steam 
plant, leaving only three large steam engines in use. 

As soon as More steam 15 available it is proposed to put motors оп 
all the heavy machines їп the saw-mill, which are situated at the end of 
the shop opposite to the engine, and therefore in the worst possible 
position for shaft transmission, the more so because these machines 
consist of large saws and planes, which are at rest а great many 
more hours than they are in use. 

The sizes of motors at present on the ground are 18 H.P., 7 H.P., 
5 H.P., 14 H.P., besides three or four small ones on fans, hoists, ete. 
They are of Manchester type, shunt, series, or compound wound 
according to the work to be done by them. The armatures аге slot- 
wound and heavily banded. 

The starting-switches are of very simple form, consisting of a teak 
board frame, 1 ft. 7 in. X 114 in., on which are mounted a fuse block and 
switch ; the former placed on the negative wire covered by а metal box 
and glass lid, the latter provided with a short-circuit contact for the 
feld coils and two intermediate contacts between off and on. The 
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THE APPLICATION OF ELECTRIC POWER TO 
MACHINE TOOLS. 


By C. BASIL NIXON. 


(Abstract of a Paper read before the Students’ Section of the Institution of 
Electrical Engineers, on Wednesday, May 151, 1901.) 


During the last six months quite a number of papers have been read 
before this and other technical institutions dealing with some branch 
of the subject of which this paper treats. The majority of the 
authors have, however, devoted themselves to examining various systems 
of distribution and advancing figures as to the economy of electrical 
distribution over the older methods of power transmission by shafting 
or by isolated engines. 

Speaking generally, I suppose every engineer is convinced that 
in the majority of cases electrical transmission is better than any 
other known form, and that it should be adopted whenever circum- 
stances permit. I shall not, therefore, take up time with arguments 
more suited to a meeting of works managers, or foremen engineers, 
but propose rather, by the kind permission of Mr. H. A. Hoy, Chief 
Mechanical Engineer of the Lancashire and Yorkshire Railway Com- 
pany, to give adetailed account of two of the above-mentioned Company's 
plants, and to supplement it with results of tests made to discover the 
power required to perform various operations. 

Leaving aside the propulsion of trains, there are an infinite number 
of uses to which electrical energy can be put on any ordinary trunk 
railway, the principal of such being arc and incandescent lighting. 
railway carriage lighting, and the driving of machine tools, pumps, 
cranes, hoists, lifts, capstans, etc. For such purposes the Lancashire 
and Yorkshire Railway Company have ten separate power-stations, two 
of which (those at Newton Heath and at Oldham Road, Manchester) 
I propose describing. There is nothing remarkable either in the 
arrangement or size of either of these plants, but I venture to hope 
that some particulars will be of interest to those in charge of similar 
installations. 


(1) NEWTON HEATH Works. 


The Newton Heath Works have a total ground area of forty-one 
acres and a covered arca of twelve acres, and are emploved in the 
construction and repairs of the Company's carriage, waggon, lurry and 
parcel-cart stock, the timber for the make of which is received in logs 
and the usual trade scantlings. 
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These works have been in operation some twenty-five years. The 
introduction of electricity is of recent date and as vet only partial. 

Generating Plant.—The first electrical machinery introduced con- 
sisted of a dynamo belted to the saw-mill shafting, and was used to light 
the milland general offices as a precaution against nre. This was followed 
three years ago last autumn by two Willans engines with Mather and 
Platt continuous-current compound-wound dynamos of 65 kilowatts at 
135 volts capacity. These sets were followed carly last усаг by two 
others of the same capacity but of the Company's own design, made 
at their Horwich works. 

The Pressure of supply is at present 110 volts, but it is proposed to 
change this to 220 volts, three-wire svstem, new motors being wound 
for 220 volts, but the incandescent lighting remaining at Tro volts. 

It is thought that 110 volts is more convenient where а large 
number of portable lamps are in use, the plug connectors and. flexibles 
of which have to be handled Бу non-technical men. 

Arc Lighting.—TVhere are at present seventy-six arc lamps, mostly of 
the double carbon open type, together with a few enclosed lamps in 
positions difficult of access for purposes of trimming. Тіс wires 
serving the outside lamps are bare on insulators. 

Incandescent Lighting.—Vhere is an equivalent. of 1,850 lamps of 
8 С.Р. in use, 180 of these being portable lamps for the use of workmen 
in coaches. The method of connecting the portable lights is by adapters 
and extra lamp-holders on the fixed drop-light fittings. 

When the drop is used exclusively for portable lamps the svstem 
works fairly well, but where it carries also a lamp-shade and is fixed 
higher than ordinarily the wear and tear is very heavy. 

When carrying out work in this manner three-wire flexible should 
be used, and a third lead run so that the fixed lights and portables may 
be on different circuits. Тһе portables are required by day as well as 
during lighting hours. 

Motors. —The aggregate horse-power fixed or in progress is 277 В.Н.Р., 
Which has been arranged so as to do away with all outlying steam 
plant, leaving only three large steam engines in use. 

As soon as more steam is available it is proposed to put motors on 
all the heavy machines in the saw-mill, which аге situated at the end of 
the shop opposite to the engine, and therefore in the worst possible 
position for shaft transmission, the more so because these machines 
consist of large saws and planes, which are at rest а great many 
more hours than they are in use. 

The sizes of motors at present on the ground are 18 H.P., 7 H.P. 
5 Н.Р., 14 Н.Р., besides three or four small ones on fans, hoists, etc. 
They are of Manchester type, shunt, series, or compound wound 
according to the work to be done by them. The armatures аге slot- 
wound and heavily banded. 

The starting-switches are of very simple form, consisting of a teak 
board frame, 1 ft. 7 in. X 114 in., on which are mounted a fuse block and 
switch ; the former placed on the negative wire covered һу a metal box 
and glass lid, the latter provided with a short-circuit contact for the 
field coils and two intermediate contacts between off and on. The 
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resistance coils are of high-resistance wire, mounted on porcelain 
bushes and connected together by brass bars. This form of starting 
resistance is cheap and gives little trouble ; it is capable of permitting 
the starting of an 18-H.P. motor connected to its shafting without 
appreciably affecting the lights ; the motors are started up immediately 
before work starting-time. 

Oulpul.—The percentage which the average current spread over the 
working hours of one week bears to the maximum observed current 
during the same period is found to vary from 16 to 25 per cent. It 
is thus low on account of running all night with a load of only eleven 
arc lamps. 

The aggregate horse-power is 295, the maximum output being 7 
per cent. of this ; and the output of the plant, allowing one unit reserve, 
is 78 per cent, thus showing the plant to be fully loaded. Тһе 
average output is, however, only 50 E.H.P., being not more than 17 fa 
cent. of the aggregate. Dealing now with motors only, you will see 
by the chart that the average output is 61 H.P.; the reason why this 
appears higher than the total or combined light and power average 15 
that the former is taken over the total running hours and the latter over 
the motor hours only, viz., sixty-three per week. Most of the motors 
run all day, so that there is not a very great difference between the 
various outputs. 

The total output for the year is at present about 218,000 units. 


(2) OLDHAM Колр Goobs YARD. 


Plant.—This plant was installed to replace a system of capstans 
and hoists driven by shafting by four engines situated at an average 
distance of 80 feet from the boiler plant. The shafting consisted of 
some 700 yards of 24 and 3} inch section, and drove the capstans by 
mitre wheels ; these shafts were often twisted off. 

The present plant consists of three Lancashire boilers working at 
160 lbs. per sq. in. pressure, supplying steam to three high-speed, 
continuous-current, direct-coupled, shunt-wound generating scts having 
an output of 65 kilowatts each at 130 volts pressure. "These are supple- 
mented by an E.P.S. accumulator of exceptional size, consisting of 64 
cells of 41 plates each, capable of a discharge of r,ooo amperes for one 
hour. 

Boosting.—Ordinarily the battery is connected direct to the bus-bars 
and gradually loses current throughout the day ; once a day it is put in 
series with the booster and recharged. Тһе booster motor hasa few 
turns of wire on its field- winding carrying the main current, which 
reduces its potential at times of maximum output. А few of the end 
cells have been arranged as regulators. 

Output.—There is a great difference in this case between the aggre- 
gate power of the motors and the actual output. Table I. shows that 
the capacity of the generators, when one unit is held in reserve, is only 
28 per cent. of the aggregate power, and that the maximum recorded 
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output is 305 per cent., the average output being only 1072 per cent. 
of the aggregate, thus showing the advantage of using a batterv of 
accumulators. 

The output for one усаг is about 338,000 units, and the load factor 
is about 40 per cent. 

Lighting. —Considering that the premises to be lighted are principally 
warchouses and loading stages, no special provision had been made 
for lighting purposes. Separate cables, however, are run to a main 
switchboard. 

The lighting is by means of open and enclosed ares and incandescent 
lamps, the interior wiring being on the distribution system, the wires 
being run in simplex tubing. 

Power.— This is supplied to 20 capstans, each capable of manipu- 
lating a load of 18 loaded waggons ; the capstans each have their own 
motor and are actuated by foot plungers similar to those on the 
hydraulic capstans, the switch being controlled by an ат dash-pot. 
Each capstan has a two-pole switch fitted in the chamber beneath it; 
this switch is provided for the attendant when inspecting and oiling 
the machine. On the main switchboard there are а two-pole switch 
and single-pole fuse for cach capstan. И was thought that if. the fuses 
were in the capstan chambers great inconvenience might result, and 
subsequent events have proved that the expense of a separate cable to 
each motor was more than justified. Each capstan has a fuse consisting 
of strands of copper wire. 

Cables.—These are of concentric form with impregnated paper insu- 
lation, with lead sheathing laid in the races through which the shafts 
used to run. 


(3) POWER REQUIRED TO DRIVE VARIOUS MACHINES, Hoists, Етс. 


I was in doubt for some time whether to include in the table all results 
which I had reason to believe correct, or only those I had personally 
obtained ; I finally decided to present my own results only, with the 
addition of two or three independent figures which contirm those I 
have obtained. Figures other than mine are marked х. The charts 
showing the current at various times have been taken by an Elliott 
recording ammeter provided with three shunts of 200, 500, and 2,000 
amperes respectively. The instrument is fairly well damped, and I 
consider that the peaks, except those of starting the motors, are not 
exaggerated by reason of the momentum of the instrument ; but there 
are doubtless slight errors owing to the friction of the pen on the 
paper—not sufficient, I hope, to detract from the value of the results. 

Diagrams were shown illustrating an 18-Н.Р. motor coupled to a 
36-inch saw and a 6-spindle boring mill: an 18-H.P. motor driving 
three saws 22-inch diameter, and cutting 114 X 4} oak: a motor 
coupled to a 24-inch saw cutting 7$ x 2$ pine: and the working of 
a IO cwt. direct-coupled hoist running at 8o feet per minute, driven 
by а compound-wound motor. Another diagram showed the power 
used by a roller planer surfacing all four sides of 9 x 3 deal at 8o fect 
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per minute. The work was clearly too much for the 18-H.P. motor, 
and as this is by no means the heaviest work passed through the 
machine it has been decided to put down a 40-H.P. motor. Another 
showed the working of a 7-H.P. motor driving a length of shafting; 
the vacuum pump driven by this shaft has its belt shifted from the 
fast to the loose pulley by an auxiliary cylinder, according as the 
pressure varics—this is the reason for the heavy peaks. I may add, 
however, that it has had no bad effects on the motor, which has 
now run ten months without any repair being found necessary. 

A further diagram showed the remarkably low power consumed 
by a large warehouse of five stories containing 24 hoists of 15 to 
20 cwt. capacity. One 18-H.P. shunt-motor drives the whole shafting, 
viz., 380 feet of 2 inch and 4 inch and six pair of bevel wheels. Тһе 
loads are to a large extent lifted by the momentum of the moving 
shafts, and the heavy belt-driven pulleys used. 

When I tell you that this warehouse used to be driven by а 4-іпсһ 
underground shaft over roo yards long you will readily understand 
that very considerable saving has been the result of the change. 

Considering the regularity of the work and the part plaved by 
momentum, I doubt whether there would be any advantage in a 
separate motor for each hoist. 

A description followed of a 15-ton waggon hoist worked by two 
shunt motors of 30 H.P. each, the lift being raised by shifting belts but 
lowered by brake only. Both in this case and in the following there 
are two cages balanced one against the other; when lifting or lowering 
a loaded waggon it is usual to lower or lift an empty one in the other 
cage, thus helping to balance the load. Тһе second lift was worked 
by a 40-H.P. series motor. The power used for six complete journeys 
was for the shunt hoist 1275 units and for the series 3 units. A lift 
which has some 12 tons put suddenly upon it requires different 
treatment to one which has the same load gradually loaded upon it. 

The tables now produced give in No. I. the cost and output, in 
No. П.а list of the watts required for various tools : the column devoted 
to motors giving a figure representing the best size of motor for the 
work, the rating being such that the motor is capable of running for a 
prolonged period at its rated power, and being also capable of sus- 
taining 50 per cent. overload for a few minutes. 

My experience has taught me the great advantage of direct-coupled 
series or compound motors for hoists and cranes. А point I have not 
seen mentioned in this connection is that it is impossible to run a 
crane controlled by shifting belts at so fast a rate as a series motor 
crane because the sudden start causes the load to swing in a dangerous 
manner, when removing it from the machine or other confined position: 
with a series motor the gantry may be started slowly, but when the load 
is clear it may be carried down the shop at a speed as high as 350 feet 
per minute; it would be quite impossible fo slart off at this speed ; the 
same applies, though to a less extent, in lifting. 

In conclusion, I may say that I am hoping that others have come 
prepared to give their experience in this field in order that the discus- 
sion may be of some value by a comparison and checking of results. 
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For some interesting particulars of power for foundry tools, I would 
call your attention to the communicated discussion on Mr. Langdon's 
paper before the Institute of Mechanical Engineers at {һе Derby 
Meeting. 

I must again express my indebtedness to Mr. Hoy for permission 
to make known the details I have here given, and to Messrs. Robinson 
for the use of the table showing the sizes of motors they would > 
adopt to drive various wood-working machines. 


TABLE I. 


PARTICULARS OF CURRENT CONSUMPTION AT NEWTON HEATH WORKS. 


a. Theoretical Horse Power Motors .. 171 Е.Н.Р. 

b. Lights И» eae ‘ak oe 124 5 

с. Total iu uk m e. 295 » 

d. Max. Recorded Output. ... TR e. 224 „ -- 76 per cent of c. 
с. Average Output during Io weeks әс ОҚО у = 247 Т T 

f. Total Capacity of Generating Plant ... 310 „ - 105 т я 

g. Capacity of Generators I Unit spare is 230 , - 78 ii M 

h. Theoretical Horse Power of Motors ... 171 E.H.P. — 

i. Max. Recorded Output ... d .. 93 „ -- 5дрег cent of h. 
k. Average Output during то weeks . өе , — 30 үз Т 


l. Output for Year... sus T 218,000 B.T.U. 


PARTICULARS OF CURRENT AT OLDHAM ROAD. 


т. Theoretical Horse Power Motors ... 562 Е.Н.Р. 


H. Lights ... же tee ce 47 % 

0. Total ... s КР ... 609 " 

f. Max. Recorded Output ... Uis ss 185 p — 305 рег cent of o. 
q. Capacity of Generating Plant ... а 72550025 — 4I - т 

к. Capacity 1 Unit spare ... $ wu 170. 55 — 28 " т 

s. Capacity of Battery for I Hour ... I50 y — 

t. Average Recorded Output voe Qu 3020 сы — 102 ,, T 


u. Output for Year ... € .. about 338,000 B.T.U. 
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TABLE II. 


Work being done. 


Running in clean situ- | 
ations bs 
Running in average | 
situations ... ids 


Running below floor 


Average of seven | 
separate shafts 

Hole Zin. x £in.in 25 | 
min.. 

Fourteen fires, aver- | 
age consumption ... | 

Twenty-four fires aver- | 
age consumption .. 

Planing four sides of | 
9 х 3 deal 8o ft. per 
min.. |] 

Planing four sides of 
6 x 3 oak 8o ft. per | 
тіп.. 

Ripping 18-i in. 

6 ft. 6 in. per min. i 

Ripping 9 in. oak 

Ripping 94 in. oak ... 


- Three cuts7 in. X 44 т. 


Cutting 74 in. x 23 in. | 
and similar work ... | 

40 in.Invincible paper- | 
іпр panels 30 in. ... ) 

Boring 2 in. hole in | 
oak . ТҮРЕ! 

Cutting | 14 in. green | 
heart 


Cutting 3 т. Бау 


teak 


E tons chopped, 81 
| cwts. bundled f 


Planing one face of 
3ġin. pitch pine... 
Working on Бау— 
heavy work ci 

Working on bay— 
light work р 
Working оп 
lurry Spokes 
Lurry spokes oak 
Heavy type cut 2$ i in. 
x 38 т. oak d 
Light type cut 281 in. 
x біп. bay.. is 
Chain type 3 in. x 
2% in. x gin. Бау... 


H.P. of 
Motor. 


40 
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TABLE II.—Continued. 


Machine. Work being done. As 
Light. | Working. 
28. Fret Saw dos E гіп. тай ез | | 3 | 330 330 
А МЕ" 4large, 4small mixers, S 
29. Paint mixing | I Raveller, 1 putty M. ; 1 4 | TT 17 
30. Robinson Grinder | Grinding Peas, : bag 4 m" 2,200 
31. Chopping Нау ... 6 bags in 10 minutes ri is 6,250 
32. Hair Comber ... Laycock’s 2 350 350 
To pull 18 wa gons 
33. Capstan ... ЧЕ? | ш ft. per ы ш | 20 880 | 27,500 
34. Jiggers in Ware- 24 hoists 15-20 cwt. | 
house ... e each Oa 3] 15 5,000 8,800 
! Driven b nder- < 
35. Сарѕќапѕ (0) .. 1 а n d 30 6,230 | 37,500 
36. Lifting Waggon  . а 2 шие shunt f 40 10,500 | 34,000 
{ 38 ft. per minute series |. 
37- » » Jc | | motor Ser .f 40 5ке 27,500 
38. Lift Waygood ... | 10 D ey per min, 5 T 5,300 
x Ж 114 ight, go ft. wit | 
39. 20-ton crane travel | 12.5008... | 8 5,720 8,800 
‚ Lifting done by crabs, 
40. 20-ton crane cross | each having sepa- 1} 
traverse | rate motors, light 
73 ít. 


41. 20-ton crane lift Loaded 12: stons 34 ft. 20#5 4,400 | 9,500 


( Single motor type sp. 

42. 5-Юп crane ... | 1756 lift 7 ft. 6 in. | 7 1100 | 7,050 
For th Lancashire 

43. Stoker plant | "Boilers = : | 4 | зы 2,500 


TABLE III. 
Supplied by Messrs. T. Robinson, Rochdale. 


Horse Power 


dur 
Special Vertical Log Frame с ... Y5 72in. 20 Saws 35 40 
Single Deal Frame oe ie ... АО 24,, A I2 I2 
Rack Saw Bench ... vis es ЖС EU 40 40 
Double Horizontal Saw Frame ... .. 8T 48, 2:3 15 15 
Radial Arm Roller Feed Saw Bench... DA 8Н.х 3 ft. 20 20 
Large Four-side Planing Machine ... S5 24in. I5 18 
High Speed Moulding Machine ... .. СК біп. x 24. 12 I5 
Panel Planer... i Z3 30, 5 7 
Combined Hand and Power Feed ‘Planer BD 24, 4 5 
Double Tenoning Machine ҚЫ se FE 15 15 
Large Power Morticing Machine... se- PP 6 5 
Armstrong's Dovetailing Machine .. N.N М. 36 in. IO — 


Column А gives the power of motor recommended by Messrs. Robinson. 
Column B shows slight modifications which, as far as my experience 
goes,-would, I believe, give better results. 
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CAPE TOWN LOCAL SECTION. 
REPORT ON THE WORK OF THE SESSION. 


The General Meeting which inaugurated the session was held on 
Мау 7, 1900, after a vacation of eight months occasioned through the 
members of the Local Section being largely occupied with extra work 
on account of the Boer War. 

At the close of last session twenty-five members of the Institution of 
Electrical Engineers were resident in the Cape Peninsula ; this number 
has now increased to thirty-two : the Local Section has probably bcen 
instrumental in adding ten names to the roll of the parent Institution. 

During the session eleven ordinary and two special meetings were 
held, the ordinary meetings being held in the Railway Electric Light 
Works, by kind permission of Mr. Denham ; thirteen papers rcad at 
the meetings of the parent Institution were discussed. The members 
were also favoured with a lecture and a practical demonstration by 
Messrs. Н. D. Wilkinson and W. Gaye, of the Eastern Telegraph Com- 
pany, on * The Working and Maintenance of Submarine Cables." 

The meetings throughout have been of an extremely interesting 
nature, whilst they have, without doubt, proved profitable to the 
members present. 

During the session, two members of the Local Section have received 
honoursfrom Her Majesty—Sir David Gill, the Astronomer-Roval, having 
been made a K.C.B., and Mr. S. R. French, the Postmaster-General, a 
C.M.G. Several members have also been privileged to assist in various 
ways and in varying degrees the Naval and Military Authorities in the 
war still waging. 

Financially the Local Section has made satisfactory progress ; the 
balance іп hand at the commencement of the session was £1 15. 034. ; 
it is now £3 2s. 54d. 

The election of Officers for the new session was held by ballot on 
February 4, 1901, when the following gentlemen were elected :— 


Chairman ... n vis s C. PROCTER ВАХНАМ. 
Vice-Chairman ... ee E JOHN DENHAM. 
Member of Committee... T" F. PICKERING. 


Secrelary eee ees ге ese W. J. HORNE 
(South African College, Cape Town). 


SUPPLEMENTARY ACCOUNT OF THE WORK OF THE SECTION. 


The Meetings are naturally of a less formal nature than can very 
well be permitted in England ; they are held in a large room attached to 
the Railway Electric Light Works, hence continuous and alternating 
current is always available for demonstrating purposes. The papers 
for discussion are circulated amongst the members prior to the meeting. 
at which they arc “taken as read," and the discussion commences at 
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once. At the close, should time allow, the mecting is thrown open, and 
апу member mav introduce any other topic which тау be of interest, 
or explain апу problem which he has encountered in his work, and 
concerning which he would like the benefit of suggestions ог advice. 
Members frequently also exhibit new apparatus or samples of cables, 
lamps, meters, etc. etc., that they тау have received from home. Ош 
endeavour is mutually to assist one another, and to foster a friendly 
feeling amongst members of the profession. 

Members may introduce visitors, who тау join in the discussions on 
the invitation of the Chair. Smoking is permitted, and cotíec is served. 
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The Twenty-ninth Annual General Meeting of the Institu- 
tion was held at the Society of Arts, John Street, Adelphi, 
on Thursday evening, Мау зо, тоо: — Professor 
JOHN PERRY, F.R.S., President, in the Chair. 


The minutes of the Ordinary General Meeting held on 
May goth, 1901, were read and confirmed. 


The names of new candidates for election into the 
[Institution were announced. 


The following transfers were announced as having been 
approved by the Council :— 


From the class of Associate Members to that of 
Members— 


George William Spencer Hawes. | Leonard Leslie Robinson. 


From the class of Associates to that of Members— 
John May. 


From the class of Associates to that of Associate 
Members— 


Gilbert Holt Green. | Standen Leonard Pearce. 
From the class of Students to that of Associates— 
Thomas Leslie James. 


Messrs. J. Lister and H. L. Leach were appointed 
scrutineers of the ballot for the election of new members, 
and the ballot was proceeded with. 


Donations to the Building Fund were announced as 
having been received since the last meeting from Messrs. 
Crawford, Evershed, and Colonel Stuart, and to the 
Benevolent Fund from Mr. Newstead and Mr. W. C. 
Smith, to whom the thanks of the meeting were duly 
accorded. 

The PRESIDENT: I have now to call your attention to 
the very beautiful Address from the American Institute 
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of Electrical Engineers which has been sent over to us, 
and which has been already shown at the conversazione 
in America. І have also to announce the presentation of 
an Album giving some exceedingly interesting апа some 
humorous photographs of our Swiss visit, and I ask you 
to give your thanks to the donors. 


Agreed to. 


ANNUAL REPORT. 
The SECRETARY read the Annual Report of the Council :— 


REPORT OF THE COUNCIL TO THE ANNUAL GENERAL 
MEETING, MAY 30TH, тоот. 


DEATH OF HER MAJESTY THE QUEEN. 


The death of Her Majesty Queen Victoria occurred during the 
Session now closing, and the Institution shared to the full in the public 
grief at the irreparable loss which the Nation had sustained. 

The meeting of January 24th was abandoned, and a vote of con- 
dolence and of loyalty to His Majesty King Edward, passed by the 
‘Council, and endorsed at the subsequent Ordinary General Meeting 
of the Institution, was transmitted to His Majesty through the office of 
the Home Secretary. Similar resolutions from the Local Sections in 
Calcutta, Cape Town, Dublin, Glasgow, Manchester, and Newcastle 
were forwarded simultancously. 


LocaL SECTIONS. 


The Council has to report the creation of new Local Sections in 
Birmingham and Calcutta. It congratulates the Institution on the 
good work that has been done by the various Local Sections during 
the past year, and fecls that the first Session during which they have 
been in full operation has given ample proof of the necd for the move- 
ment inaugurated in 1898. The Council shares in the deep sorrow felt 
by the Dublin Local Section in the grievous loss that it, and the whole 
Institution, has suffered by the death of the first Chairman of the 
Section, Professor G. F. Fitzgerald. 


ELECTIONS AND TRANSFERS, 


It is with pleasure that the Council reports that it has elected as 
Honorary Member duriug the twelvemonth now ending, Mons. Е. 
Mascart, to whom, as President of the International Electrical Congress 
of Paris in 1900 and as Vice-President of this Institution, the Council 
attributes much of the success of the Institution visit to the Paris 
Exhibition. 

The increase in the membership of the Society continues satisfactory. 
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During the past twelve monthsthere have been elected 21 Members, 
89 Associate Members, 5 Foreign Members, 140 Associates, and 173 
Students, making a total of 428. 54 Candidates have also been approved 
for ballot to-night.' 

IO Associate Members, and 19 Associates of the Institution, and 1 
Member of the late Northern Society of Electrical Engineers, have 
been transferred to the class of Members, whilst 46 Associates of the 
Institution and 4 Members of the Northern Society have been trans- 
ferred to the class of Associate Members, and 46 Students of the 
Institution and 1 Member of the Northern Society to the class of 
Associates. 


DEATHS AND RESIGNATIONS. 


It is with deep regret that the Council records the loss to the 
Institution by death of 1 Honorary Member, Adolphe Cochery ; 1 Chair- 
man of a Local Section (Member), Professor G. F. Fitzgerald ; 2 Local 
Hon. Secretaries, Colonel P. B. Walker (Member), Don Senor F. de 
Vazquez (Foreign Member); 6: Members, E. H. Bold, C. E. Grove, С. 
Hall, W. Johnson, E. W. Рагзопе, E. Willmore ; 4 Associate Members, 
M. C. Dent, W. M. Oliver, Н. Reason, Н. К. Tavaria; 7 Associates, 
H. H. Eley, H. H. Fawckner, S. Hearne, W. О. Ross, E. C. Short, 
С. Smibert, F. C. H. White; and 2 Students, E. J. Morrah and С. 
Stewart. 

Two Members, т Associate Member, 3 Foreign Members, 13 Asso- 
ciates, and 12 Students have resigned since the date of the last Report. 


PAPERS. 


In addition to the President's Inaugural Address, the following 
papers read at Ordinary General Meetings will have been published in 
this year's Journal :— 


DATE. TITLE. AUTHOR. 
1900. 
Nov. 22.—''Telegraphs and Telephones at the Paris 
Exhibition" .. se .. .. .. о. ..  J. GAVEY, Member. 


» 29.—“ Supersession of the Steam by the Electric 
Locomotive” es o 05. e. о. с. М. Е. LANGDON, Member. 
Пес. 13.--“ On Rapid Variations of the Current through W. DUDDELL, Associate- 
the Direct Current Arc" ., se se os Member. 
» 20.—" The Electrical Engineers’ В.Е. in South Lt.-Col. В. E. CROMFTON, 
АСА Т ұз мамы we Sas Past- President. 
1901. 


Jan. 10.—“ The Use of Aluminium as an Electrical Con- 
ductor, with New Observations upon the 
Durability of Aluminium and other Metals 
under Atmospheric Exposure"... .. .. J. B. C. KERSHAW. 
ел —'' Capacity in Alternate Current Working" .. АУ. М. MORDEY, Member. 


' Аз these Candidates were all duly elected, the numbers representing 
additions to the register since the Annual General Meeting in 1900 were, at 
the end of the mecting, as follows :—Honorary Member, 1 ; Members, 28; 
Associate Members, 100; Associates, 164 ; Students, 185; and Foreign 
Members, 5. 


p- 
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DATE. TITLE. 
Feb. 21.—* The Power Bills of 1900 : Before and After” 


Mar. 7.—"' Insulation on Cables" .. .. .. .. .. 
» 14 —"Some Notes on Polyphase Substation 
Machinery 4 BE >ь 5% .. es жы 

»  28.—" Some Notes on the Electrical Transmission 
of Power іп Coal Мтез”.. s. .. .. 

» Electrical Miners’ Safety Lamps"... .. 
April 18.—* On Test-Room Methods of Alternate-Cur- 
rent Measurement" .. se se .. o 

A --“ Note on the Use of the Ditferential Galvano- 
Meter 2: же же МӨ сёй сёз 

Мау 2.—“Ап Instrument for Measuring the Per- 
meability ot Iron and Steel" .. .. .. 

Уз 2.—“ А Watt-Hour Meter" .. .. .. .. .. 

уз 9.--“ Storage Batteries in Electric Power-Stations 
controlled bv Reversible Boosters " .. 


AUTHOR. 
W. L. MADGEN, Member. 


M. O'GORMAN, Member. 
А. С. EBORALL, Member. 


H. W. RAVENSHAW. 

S. Е. WALKER, Member. 

A. CAMPBELL, Associate- 
Member. 

C. W. S. CRAWLEY, Mem- 
ber. 

C.G.LAMB,Assoc.-Member. 

M. WALKER, Associate. 

Е. HOLDEN, Member. 


J. $. HIGHFIELD, Member. 


And the following papers selected from those read at the meetings of 
Local Sections have, up tothe present, been accepted for publication :— 


DATE. — SECTION. TITLE. 
1900. 
June 14.— Dublin. “ Dublin Corporation Electricity 


14 


Supply Scheme"... .. .. 

Nov. 14.—Glasgow. “Electricity Supply”  .. .. 

» 27.—Manchester. “ Relative Advantages of Direct 
Current and  Three-phase 
Distribution for small In- 
stallations” s.. se es .. 
1901. 

Jan. 14.— Newcastle. " Electrically Driven Machine 
Tools and their Advantages 
for use in Engineering 
Workshops " Ee cu 7 

Feb. 12.—Manchester. “Оп the Training of Electrical 
Engineers” .. ee as .. 

» 13—Glasyow. “А Method of Compensating 
Voltmeters for Voltage Drop 
in Long Feeders"... .. 

26.—Manchester. “On the Use of Storage 
Batteries іп Connection 
with Electric Tramways " 

„ 27.—Birmingham. “Inaugural Address of the 

Chairman" s. ee es .. 

Маг. 12.—Manchester. “Тһе Application of Steam 
Power to the Generation of 
Electrical Energy” .. .. 

я —Calcutta. Inaugural Address of the 

Chairman .. .. .. .. 
» 27.—Birmingham. “ Polyphase Equipment of 
Factories” ы. 4 owe ,, 

» 29.—Calcutta. “The Insulation of Conduc- 

tors otf Electricity in India " 


AUTHOR. 


К. HAMMOND, Member. 
W. А. CHAMEN, Member. 


H. A. EARLE, Member. 


G. RALPH, Associate- 
Member. 


Dr. J. T. NICOLSON. 


M. B. FIELD, Member. 


G. A. GRINDLE, Member. 


Dr. O. LODGE, Member. 


]. S. RAWORTH, Member. 


F. G. MACLEAN, Member. 

W. WYLD, Associate- 
Member. 

K. A. SCOTT-MONCRIEFF, 
Member. 


The good attendance ať Meetings referred to in the last Report has 
been maintained during the present Session, and the discussions on the 
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various papers read have been both valuable and interesting. The 
Institution again owes its thanks to the Institutions of Civil and 
Mechanical Engineers and to the Society of Arts for their generous 
permission to use their rooms for meetings. 


PUBLICATIONS OF THE INSTITUTION. 


The current year will mark the completion of the Thirtieth Volume 
of the publication of the Institution Journal. The General Index to 
Volumes 21 to 30 is, by order of the Council, in active preparation, and 
it is hoped that it will be ready for issue during the present усаг. 

The wish having been expressed by many members that a uniform 
case for binding the Journal should be prepared, the Council has 
approved a pattern case in special waterproof cloth to be supplied at a 
small charge to those members who wish to have them. 

Тһе value and importance of Science Abstracts is now becoming 
more widely recognised, and the publication is, it is hoped, increasing 
in usefulness. The number of Abstracts appearing has increased from 
2,000 in 1899 to 2,525 in 1900, and the Council desires to record its 
thanks to the joint publication Committee of the Physical Society and 
the Institution ; to Mr. W. К. Cooper, the Editor ; and to the Abstractors ; 
who, by their combined efforts, have produced so full a record of current 
work in Electrical and General Engineering, and in Physical Science. 

The publication of the following papers in the Journal as Original 
Communications has been ordered :— 


“Note on Air Gap and Interpolar Induction" .. .. .. F. W. CARTER, Associate. 
* On the Absolute Values of Capacity Measurements " J. ELTON YOUNG, Member. 
“The Regulation of the Potentials to Earth of Direct 

Current Mains” és .. .. A. RUSSELL, Member. 
* Note on Resonance with Alternating Currents” e). А. RUSSELL, Member. 
* Note on Duplexing Cables"... .. .. .. Н.Н. KINGSFORD, Member 


ANNUAL PREMIUMS. 


The Council has awarded the following premiums for papers and 
communications :— 


Тһе INSTITUTION PREMIUM, value £25, 


to Mr. M. O'Gorman, Member, for his paper entitled, “ Insulation on 
Cables." 


The “PARIS ELECTRICAL EXHIBITION PREMIUM,” value £10, 


to Mr. W. DUDDELL, Associate Member, for his paper entitled, “Оп 
Rapid Variations of the Current through the Direct-Current Arc.” 


THE “ FAHIE PREMIUM," value £10, 


to Mr. A. C. EBORALL, Member, for his paper entitled, “ Some Notes 
on Polyphase Substation Machinery." 
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Ап ExTRA PREMIUM, value £10, 


to Mr. J. S. HIGHFIELD, Member, for his paper entitled, “ Storage 
Batteriesin Electric Power Stations controlled by Reversible Boosters." 


Four EXTRA PREMIUMS, value £5 each, 


respectively to Mr. M. B. FIELD, Member, for his (Glasgow Local 
Section) paper entitled, *A Method of Compensating Voltmeters for 
Voltage Drop in Large Feeders" ; to Mr. W. WYLD, Associate Member, 
for his (Birmingham Local Section) paper entitled, * Polyphase Equip- 
ment of Factories" ; to Mr. G. RarPH, Associate Member, for his 
(Newcastle Local Section) paper entitled, “ Electrically Driven Machine 
Tools and their Advantages for Use in Engineering Workshops" ; and to 
Мг. Е. HOLDEN, Member, for his paper entitled, “А Watt-Hour Meter." 


The First “ STUDENTS’ PREMIUM," value £10, 


to Mr. C. В. Nixon, Student, for his paper оп “Application of 
Electrical Power to Machine Tools." 


The Second *SrUDpENTS' PREMIUM," value £5, 


to Mr. Е. J. Hiss, Jr. Student, for his paper on “ Recent Work on Hertz 
Wave Phenomena and its Application to Wireless Telegraphy." 


The Third “ STUDENTS’ PREMIUM,” value £5, 


to Mr. Т. Н. Vicor, Student, for his paper on “ Rotatory Converter 
Problems." 


An extra “ STUDENTS PREMIUM," value £3, 


to Mr. J. Н. Wzsr, Student, for his paper on “ Accumulators." 


Papers, other than those of the Students' Section, which were not 
in type by April 3oth were reserved for consideration in awarding 
premiums in 1002; but, on the other hand, certain papers which 
were received too late for consideration in 1900 have been taken into 
account in making the present award. 


SALOMONS SCHOLARSHIP. 


The Council has awarded two Salomons Scholarships, value £50 
each, one to Mr. ЈоѕЕРН D. GRIFFIN, of the Central Technical College, 
and one to Mr. HERBERT ASHLIN SKELTON, of King's College. 


Davip HUGHES SCHOLARSHIP. 


The sum of £2,000, referred to in the last Annual Report as having 
been bequeathed by the late Professor Hughes to found the * David 
Hughes Scholarship" in the Institution, has now been received from 
the Executors, and the Council has determined that, for the present, the 
manner of award shall be the same as that of the “ Salomons Scholar- 
ship.” They have selected Mr. CYRIL JoHN HOPKINS, of the Central 
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Technical College, as the David Hughes Scholar for the present vear, 
the amount of the Scholarship being £50. 


STUDENTS’ CLASS. 


In order to assist Students of the Institution to study the Electrical 
Exhibits in the Paris Exhibition, the Council appointed twenty Student- 
reporters, contributing to each £5 towards the expenses of his visit, 
each of these Students, on his return, submitting a report of the exhibits 
in a special branch of Electrical Engineering allotted to him by the 
Council. The following list contains the names of the Students 
appointed, together with the subjects on which they were respectively 
called upon to report. 


NAME. SUBJECT FOR REPORT. 
AVILA, J. F. .. .. .. Arc and Glow Lamps and their Fittings. 
BUCKNEY,A.. .. .. Supply Meters. 


CLOUGH, Е. Н. .. .. Switchboards and Switches. 

FISHER, R. .. .. .. Motors used іп Mining. 

HURST, А. J.L. .. .. Trolley Line Apparatus. 

IRWIN, J. T. .. .. .. Alternating Current and Single-Phase Generators. 
JAMES T, 1... .. .. Moving Platforms. 

JEWSON, ЕК  .. .. Novel Telephone Apparatus. 

LESTER, L.R. .. .. Non-integrating Meters. 

NETTLEY, C. М. .. .. Polyphase Generators. 

PEARSON, R.L. .. .. Bi-polar Machines. 

SOLOMON, M. .. «+ Electro-Chemistry (excluding Accumulators). 
STEPHENSON, C. T. .. Direct-current Multi-polar Generators. 
THOMSON, Н. J. .. .. Electro-Metallurgy. 

TOPPIN, W. А. .. .. Indoor Wiring. 

TRACEY, A. I. .. .. Cables. 

TUNBRIDGE, S. A... .. Laboratory Instruments. 

TURNBULL, G. E... .. Indoor Electrical Fittings. 

WEST,J. Н... .. .. Accumulators. 

WHITAKER, F. P... .. Electrical Signalling (of all kinds). 


The accounts submitted by the Students have for the most part 
been very favourably reported upon, and several of them have been 
read and discussed at meetings of the Students’ Section. Thirteen 
meetings of the Section have been held during the Session, at which 
Students’ reports and other papers were discussed. The Council desires 
to express its thanks to the members of the Institution who have. been 
good enough to preside on these several occasions. 

Visits to the following places were, at the request of the Students 
Committee, arranged for the Students by your Secretary during the 
year, and the Council wishes again to record its thanks to those firms 
and gentlemen who so kindly gave facilities to the Students to visit 
their works :— | 


Тһе Bankside Station of the City of London Electric Lighting 
Company, Limited. 

The Davies Street Station of the Westminster Electric Supply 
Corporation, Limited. 
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The Manchester Square Station of the Metropolitan Electric Supply 
Company, Limited. 
The Willesden Station of the Metropolitan Electric Supply Com- 
pany, Limited. 
The Board of Trade Laboratorv. 
The Central London Railwav. 
The London United Tramways, Limited. 
The Waterloo and City Railway. 
The Works of Messrs. Easton, Anderson, and. Goolden, Limited. 
-T Уз the Electric Welding Companv, Limited. 
" е Messrs. Elliott Brothers. 
is " India-Rubber, Gutta-Percha апа Telegraph Works 
Company, Limited. 
у - Messrs. Siemens Brothers and Company, Limited. 
" - the Thames Iron Works Shipbuilding and. Engineer- 
ing Company, Limited. 


In addition to the above, the Council sanctioned a proposal of the 
Students’ Committee to arrange a visit to the Manchester District 
during the Easter recess. Thirty-two Students took part in this visit, 
which lasted four days, and the following works and installations were 
visited :— 


The Cunard Steam Ship Company's R.M.S. Lucania. 

Messrs. S. Z. de Ferranti, Limited. 

The General Electric Company, Limited. 

Messrs. W. T. Glover & Co., Limited. 

Messrs. Hick, Hargreaves & Co., Limited. 

Lancashire & Yorkshire Railway Company's Carriage Works. 

The Liverpool Overhead Railway. 

The Liverpool Tramways. 

Manchester Corporation Electricity Department, Dickinson Street 
Station. 

Messrs. Mather & Platt, Limited. 

The Pumpfields Generating Station, Liverpool. 

The Tudor Accumulator Company, Limited. 


The Council would include these firms in the list of those to whom 
their thanks are due. They congratulate, also, Mr. L. R. Lester, the 
Honorary Secretary of the Students’ Section, and the Committee of 
that Section, on the success of the visit. 


SECTIONAL COMMITTEES. 


Having regard to the great increase in the number of members, and 
in the applications of electricity in Engineering and the Arts, and with 
the view of increasing the interest of the whole membership in the 
work of the Institution, the Council has created four Sectional Com- 
mittees, each consisting of one or two members of the Council, witha 
number of representatives of the special interest represented, chosen 
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from members outside the Council. The number of members ap- 
pointed by the Council was originally small, but the Committees were 
given power to add to their number with the instruction that the added 
members should be, for the most part, drawn from the general body 
of members of the Institution. The Committees were appointed to 
represent the following interests:—(1) Traction, Light, and Power 
Distribution: (2) Telegraphs and Telephones; (3) Manufacturing ; 
(4) Electro-Chemistry and Electro-Metallurgy. 

The Council hopes that if they will report on the relations between 
the Institution and their respective branches of electrical engineering, 
and on the special conditions or requirements for the time being of 
those branches, and if they are able to find a number of suitable 
representative papers each in its own section, for reading at meetings 
of the Institution, in addition to papers submitted in the ordinary way, 
the Committees may prove very helpful not only to the Institution, but 
to the industry. 


ANNUAL DINNER. 


The Annual Dinner was held on December 3rd, in the Grand Hall 
of the Hotel Cecil, and the attendance was larger than at any previous 
Dinner of the Institution. 


ANNUAL CONVERSAZIONE. 


The Annual Conversazione was again held, by kind permission of 
the Trustees of the British Museum, in the Museum of Natural History, 
on June 26th. The band of the Royal Engineers performed on the 
occasion, and the attendance of members and guests was practically 
the same as in the preceding year. 


RECEPTION OF THE ÁCTIVE SERVICE CONTINGENT OF THE ELECTRICAL 
ENGINEERS (R. E.) V. 


In December, Colonel Crompton, with Captain Lloyd and the Con- 
tingent of the Electrical Engineers (R. E.) Volunteers who had offered 
their services in the South African campaign, returned to England after 
nine months of active duty. The Council felt that the Institution would 
wish to show their appreciation of the great services which the Con- 
tingent, representing the Electrical Engineers of the United Kingdom 
had rendered their Country at the time of need. It therefore arranged 
for a Reception of the Contingent at the Covent Garden Opera House, 
which was most kindly lent to the Institution for the occasion by 
Messrs. Frank Rendle and Neil Forsyth. A guard of honour com- 
manded by Major Erskine was supplied from the members of the 
Corps who had remained at home. The Opera House was well filled, 
and the men reccived an enthusiastic welcome. Subsequently a sealed 
сору of the President's Address on this occasion was presented to each 
member of the Contingent. The Council takes this opportunity of 


congratulating Colonel Crompton and Major Erskine on the valuable 
work done by the Corps. 
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ANNUAL ACCOUNTS AND FINANCIAL POSITION. 


The Council has again to congratulate the Institution on its financial 
position, for, notwithstanding the several heavy items of expenditure, 
there was a surplus of receipts over expenditure at the end of the year 
amounting to £1,549. 

The sum of £128 gs. 4d. was invested on account of Life Com- 
positions, leaving on December 31st a balance of £32, which has since 
been invested. 

The estimated realisable amount of subscriptions outstanding on the 
31st of December, 1900, was £400, and none of this is taken into 
account in the balance-sheet now presented ; more than £170 of this 
has since been received. 


BUILDING FUND. 


This Fund shows steady progress, having risen from £7,044 to 
£8,421 during the year 1000. Of this, £426 was contributed to the 
Fund by members, апа £729 was transferred by the Council from the 
General Funds of the Institution. 


WILDE BENEVOLENT FUND. 


The capital mentioned in the last Report as having been generously 
presented by Dr. Wilde for the endowment of a Wilde Benevolent 
Fund has been invested in Great Eastern Railway Company’s Metro- 
politan 5 per cent. stock. No call has yet been made on the Fund, 
which 15, at present, administered by the Council of the Institution. 


LocaL HONORARY SECRETARIES. 


It was with the deepest regret that the Council received the notifica- 
tion of the death of two of your Local Honorary Secretaries, viz., Sefior 
Don F. de P. Vasquez, who had represented Spain since 1895, and 
Colonel P. B. Walker, who had represented New South Wales since 
1803. They have appointed Mr. Arthur Jackson, of Madrid, and Mr. 
J. Y. Nelson, of Sydney, to fill these offices respectively. 

Owing to the increase of membership in the Argentine Republic, 
the Council, following precedent, decided to separate into two the 
previous joint Secretaryship for the Argentine and Uruguay. Mr. 
Oldham, who has, since 1886, acted as Local Honorary Secretary for 
the two Republics, retains the Local Honorary Secretaryship for 
Uruguay, and Mr. Ernest Danvers has bcen appointed Local Honorary 
Secretary and Treasurer for the Argentine. 


MEETING OF THE INSTITUTION IN PARIS. 


The Council learned with great satisfaction that the American 
Institute of Electrical Engineers purposed visiting Paris at the time of 
the International Electrical Congress, and was desirous of holding a 
Joint-Meeting with this Institution at that time. The Meeting was held, 
by kind permission of the Commissioner for the United States for the 
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Paris Exhibition, in the United States National Pavilion in the Exhibi- 
tion on August 16th. The Meeting was attended by the President and 
many members of this Institution, and by the President and repre- 
sentatives of the American Institute. After a welcome, addressed to 
the two Societies by Mons. Mascart, a discussion was held on “ The 
Relative Advantages of Alternating and Continuous-Current for the 
General Supply of Electricity, especially with regard to Interference 
with other interests.” At the conclusion of the discussion, Mons. 
Hospitalier, Major-General Webber, Mr. Gavey, and Mr. Hering gave 
brief accounts of the Electrical Sections of the Exhibition. Most of the 
members present stayed during the time of the International Congress, 
and an afternoon Reception was held in the British Pavilion in the 
, Exhibition. 

'The Council wishes to place on record its gratitude to His Majestv 
the King, and to the Members of the Royal Commission, for the 
permission to hold the Reception in a building so eminently suited to 
the purpose, and also for placing at the disposal of the Institution 
during the ten days of the visit a special office in the Commercial 
Information Burcau attached to the Pavilion. 


RECEPTION OF THE AMERICAN INSTITUTE. 


The visit of the President and many members of the American 
Institute of Electrical Engincers to Paris, gave the Council an oppor- 
tunity, of which it availed itself with extreme pleasurc, of receiving the 
members of the sister Institute in London prior to the Paris Meeting. 

It was unfortunate that the time for this Reception was necessarily 
in the midst of the Summer Recess. Notwithstanding this, however, a 
large number of the members of the Institution were able to give а 
cordial welcome to their American colleagues. A Dinner at the Princes 
Restaurant, and a River Excursion from Henley were arranged for, and 
visits were paid to Works and Installations in and around London, the 
members of the party receiving the generous hospitality of Major- 
General Sir Thomas Fraser and the Royal Engineers Mess on the 
occasion of the visit to the Royal Dockyard and School of Military 
Engineering at Chatham. Тһе opportunity for social intercourse with 
their American and French colleagues afforded by the visit of the 
American Institute to England, and that of the two Institutions to 
Paris, was much enjoyed by the members who were able to take part. 
The Council has every reason to hope that lasting benefits to the 
profession will result from such intercourse. 

A handsome illuminated Address has been received from the 
American Institute of Electrical Engineers, conveying in cordial terms 
their thanks to the Institution for their reception in England, and 
for assistance in connection with their Paris Meeting. 


SPECIAL COMMITTEES. 


During the year the Council has appointed Special Committees, 
which are now in active operation. One of these is revising the Wiring 
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Rules of the Institution, and another is considering the possibility of 
drawing up a set of Model General Conditions for electrical contracts. 
In each of these cases the Council is receiving the welcome assistance 
of delegates from other bodies interested in the questions under 
discussion. 

A Committee has also been appointed to determine whether it can 
recommend the Council to take any action, and, if so, to recommend 
the course to be followed, to assist the electrical industry in connection 
with the matters dealt with in Mr. Madgen's paper read before the 
Institution in February, entitled “Тһе Electrical Power Bills of 1900: 
Before and After." Тһе Council, recognising that there is a divergence 
of opinion on this subject, has authorised the Committee to receive 
evidence from representatives of different interests, and to print 
verbatim reports of its proceedings. И is hoped that in this way a full 
and fair statement of the difficulties, and of the views of those 
concerned, may be fairly presented. 


BOARD OF TRADE REGULATIONS. 


At the request of the Council and by the consent of the Board of 
Trade, Lieut.-Col. Crompton апа Mr. W. М. Mordey attended an 
inquiry of the Board of Trade in February, дот, as delegates from the 
Council, to express the views of the Institution on the question of a 
proposed reduction from 8d. to 6d. of the maximum price per unit 
chargeable for electricity supply. They explained how the reduction 
of the maximum rate below 84. per unit might make it commercially 
impossible for small towns to obtain electricity supply, and pointed out 
that experience indicated that the maximum was not usually main- 
tained longer than was necessary to make the undertaking self- 
supporting. The result of the inquiry was that no absolute rule was 
to be made to reduce the maximum rate to 6d. per unit, if good cause 
could be shown for an 8d. ог 7d. maximum in individual cases. 


EMPLOYMENT REGISTER. 


The Council having at various times received applications, both 
from employers and candidates, for employment, has authorised the 
formation of an “Employment Register,” which will be available for 
the use of those members (of all classes) who are not actually in 
employment, or who have given notice, or are under notice, to leave 
the appointments which they respectively hold. The forms in connec- 
tion with this register are in preparation, and will, it is hoped, be ready 
by the beginning of the new Session. 


THE LIBRARY. 


Report of the Secretary. 


I have to report that the accessions to the Library during the 
seventeen months, from January т, 1900, to the date of the Annual 
General Meeting, numbered 79; nearly all of these were kindly pre- 
sented by the authors or publishers, 
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The supply of specifications of electrical patents and that of abridg- 
ments of specifications relating to electricity and magnetism аге 
continued by the kindness of H.M. Commissioners of Patents, and the 
arrangement is still in force whereby the specifications of all 
electrical patents published during any week are placed on the Library 
table on the following Monday morning. 

The periodicals or printed proceedings of other societies received 
regularly are, with some additions, the same as last year, as may be 
seen by the list appended hereto. 

The number of visitors to the Library in the seventeen months from 
January 1, 1900, to the date of the Annual General Meeting, has been 
785, of whom 53 were non-members. 


WALTER G. McMILLAN, Secretary. 


APPENDIX TO SECRETARY’S REPORT. 


TRANSACTIONS, PROCEEDINGS, &c., RECEIVED BY THE 
INSTITUTION. 


ENGLISH. 


Asiatic Society of Bengal, Journal and Proceedings. 
Cambridge Philosophical Society. 

Engineering Association of New South Wales. 
Greenwich Magnetical and Meteorological Observations. 
Institute of Patent Agents, Transactions. 

Institution of Civil Engineers, Proceedings. 

Institution of Mechanical Engineers, Proceedings. 

Iron and Steel Institute, Proceedings. 

King’s College Calendar. 

Liverpool Engineering Society, Proceedings. 
Municipal Electrical Association, Proceedings. 
Northern Society of Electrical Engineers, Proceedings. 
Physical Society, Proceedings. 

Royal Dublin Society, Transactions and Proceedings. 
Royal Engineers’ Institute, Proceedings. 

Royal Institution, Proceedings. 

Royal Meteorological Society, Proceedings. 

Royal Society, Proceedings. 

Royal United Service Institution, Proceedings. 

Society of Arts, Journal. 

Society of Chemical Industry, Journal. 

Society of Engineers, Proceedings. 

South African Society of Electrical Engineers, Proceedings. 
University College Calendar. 
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AMERICAN AND CANADIAN. 
American Academy of Science and Arts, Proceedings. 
American Institute of Electrical Engineers, Transactions. 
American Philosophical Society, Proceedings. 
Canadian Society of Civil Engineers, Transactions. 
Engineers' Club of Philadelphia, Proceedings. 
Franklin Institute, Journal. 
John Hopkins University, Circulars. 
Library Bulletin of Cornell University. 
Nova Scotia Institute of Science, Proceedings. 
Ordnance Department of the United States, Notes. 
Technology Quarterly. 
Western Society of Engineers, Journal. 


BELGIAN. 


Association des Ingénieurs Électriciens sortis de l'Institut Électro- 
Technique Montefiore, Bulletin. 
Société Belge d'Électriciens, Bulletin. 


DANISH. 
Den Tekniske Forenings Tidsskrift. 


FRENCH. 


Académie des Sciences, Comptes Rendus Hebdomadaires des Séances. 
Société Française de Physique, Séances. 

Société des Ingénieurs Civils, Mémoires. 

Société Internationale des Électriciens, Bulletin. 

Société Scientifique Industrielle de Marseille, Bulletin. 


GERMAN. 


Verein zur Befórderung des Gewerbfleisses, Verhandlungen. 


ITALIAN. 


Associazione Elettrotecnica Italiana, Atti. 


RUSSIA. 


Section Moscovite de la Société Impériale Technique Russe. 


LIST OF PERIODICALS RECEIVED BY THE INSTITUTION. 
ENGLISH. 

Cassier's Magazine. 

Electrical Engineer. 

Electrical Review. 

Electrician. 
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Electricity. 

Electro Chemist and Metallurgist. 
Engineer. 

Engineering. 

Engineering Times. 

English Mechanic and World of Science. 
Feilden's Magazine. 

Illustrated Official Journal, Patents. 
Indian and Eastern Engineer. 
Industries and Iron. 

Invention. 

Lightning. 

Mechanical Engineer. 

Nature. 

Philosophical Magazine. 


AMERICAN. 
Electrical Review. 
Electrical World and Electrical Engineer. 
Electricity. ^ 
Journal of the Telegraph. 
Physical Review. 
Scientific American. 
Street Railway Journal. 
Western Electrician. 


AUSTRIAN. 
Zcitschrift für Elektrotechnik. 


FRENCH. 
Annales Télégraphiques. 


L’Eclairage Electrique. 
L'Électricien. 

L'Industrie Electrique. 

Journal de Physique. 

Journal Télégraphique. 

Le Mois Scientifique et Industriel. 


GERMAN. 


Annalen der Physik und Chemie. 

Beiblatter zu den Annalen der Physik und Chemie. 
Centralblatt für Accumulatoren und Elementenkunde. 
Electrotechnischer Anzeiger. 

Electrotechnische Zeitschrift. 

Zeitschrift fiir Elektrochemie. 

Zeitschrift für Instrumentenkunde. 
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m ITALIAN. 
Ellettricita. 
Giornale del Genio Civile. 
П Nuovo Cemento. 
SPANISH. 


La Ingenieria. 


The PREsIDENT: I have now to move, “That the Report of the 
Council, as just read, be received and adopted, and that it be printed 
in the Journal of the Proceedings of the Institution.” I have almost 
nothing to add to this Report of the Council, but something which 
could not very well be put in the Report may be mentioned here. 
You will notice that no Member of Council received a premium for a 
paper. It is not that the papers by Members of Council were not 
worthy of premiums, but that the Council thought it well to pass 
a self-denying ordinance. 

I think, gentlemen, you will agree with me that the papers and the 
discussions during the past session have really broken our record in 
the way of interest. That is my own feeling, and I attended all the 
meetings. I did not take part in the discussions, and feel quite capable 
of acting as an impartial judge. There is no doubt that the record is 
getting year by year a more difficult record to break, Another matter 
I should like to refer to is the tremendously important thing the 
Council has done in the appointment of the Sectional Committees. 
The more Г think of what those Sectional Committees may do for the 
Institution, the more I feel that we have taken a very great step. Itisa 
step which we can reverse, of course, although I hope we shall never 
have to do so. 

Мг. Носнмах : I have much pleasure іп seconding the adoption 
of this Report, and I have nothing to add except to say that I think it 
must be most gratifying to every member of the Institution to hear 
that we are getting richer and that our influence is steadily growing. 

The resolution for the adoption of the Report was then put, and 
Carried unanimously. 

The PRESIDENT: I beg to move that the Statement of Accounts 
and Balance Sheet, of which copies were sent to the members 
with the notice convening the annual general meeting, be taken as 
read. (Vide pp. 1226-1235.) 

The motion was then put, and agreed to. 


The Institution of 


STATEMENT OF RECEIPTS AND 


ENDING 3ist 
Bir. 
RECEIPTS. 

Ж sd. 
To Annual Subscriptions ae ish 2 i e. ш. 5126 8 0 
м Entrance Fees Vus ... 59017 0 

» Cash Balance paid by "Northern Society a Electrical 
Engineers .. з iis T Ж ... 18412 7 
» Advertisements in the journal ^ xs oe sae .. 72 00 
» Publishing Fund >... т? i X -— sis АТА I I 0 


» Dividends on Investinents, viz.— 
Life Compositions... Se - ... £153 IS 10 
General Fund... Е aes ВЕР -. 11311 8 
------ 267 7 6 
„ Interest on Cash on deposit —À e $us 25% бе 1721 


{6,265 8 2 
=a 


Electrical Engineers. 


EXPENDITURE FOR THE YEAR 
DECEMBER, 1000. 


бт. 
EXPENDITURE. 
Ж s. 4. 
Ву Salaries 4: 891 13 6 
» Retiring Allowance.. ves e зз .. 300 00 
» Accountants' Fees, 1556 е vs 55% ... £1010 O 
- : „ 1900 .. s ja 2 IS 15 0 
—— 26 5 0 
, Shorthand Reporter бі 19 O 
» Attendance, Refreshments, Advances proai of 
Papers, and Petty Expenses connected 
with Evening Meetings ... 149 IÓ I 
„ Printing, Illustrating, апа Advertising Journal £636 I 9 
Less Copies taken into Stock .. os DS 62 то о 
573 II 9 
» General Printing and EE 240 4 IO 
» Insurance is ae өші 915 о 
» Office Rent, Elcciric Light, pr Firing .. jn EET 330 14 2 
» General Office Expenses, viz. :— 
Sundries ... id isi T is ... £85 17 3 
Diploma Cases ... гё: 5 IO 
Hon. Solicitors’ Out-of- pocket Pipens {ө 
date... К ces ies sé saa 5 5 о 
Repairs to Tvpewriter.. " I 5 8 
Memorial Wreath for the iie Lord Atmsttong III O 
Postage of Journals, Notices of Meetings, 
&c. ‘es i каз T 25% ... 447 02 
------ 546 о I 
„ Petty Expenses of Local Honorary Secretaries А 3 14 5 
„ Bank Charges i See dnd m 4 ies aus 218 3 
» Conversazione Expenses (irrespective of Printing and 
Postage) til m ‘ie КР ses ... 23015 3 
» Premiums (1899-1900)  ... bus M ... £85 15 II 
» Grants {о Student-reporters for Paris Exhibi- 
tion М — без “з 84“ ... тоо O O 
———— 185 15 II 
„ Expenses relating to the Paris Meeting... mm ... 128 QII 
ай n ‘a » Reception of the Active-Service 
Contingent of the E.E. Volunteers... 203 510 
» Contribution to “Science Abstracts ” 730 о о 
„ Expenses connected with Local Sections IOI 2 IO 
; 4716 1 IO 
» Balance carried to General Fund, being excess of Receipts 
over Expenditure ... 1,549 6 4 
66,265 8 2 


LIFE COMPOSI- 
Br. 


Ж s d 

To Amount (as per last Account) ... e T T" ... 5084 0 0 
» Life Compositions since received аа is T" ... 16 оо 
£5,200 0 о 


TIONS ACCOUNT. 


By Investments (as per last Account)— 


£400 
318 


о 
о 


o New South Wales 4 % Bonds 
о Cape of Good Hope 4 % Con- 
solidated Stock .. 


1,670 19 5 India 34 % Stock 


120 


520 


200 


о 


о South-Eastern Railway 5% Deben- 
ture Stock 


5 10 Canada 3 % Stock . 


17 


13 


4 Midland Railway А 95 Consoli- 
dated Perpetual Preference Stock 

o East India Railway Class "C" 
Annuity sis 

о Great Eastern Railway 4% Соп- 
solidated Preference Stock 

о Great Eastern Railway 4% De- 
benture Stock dus 

6 Great Indian Peninsula. Railway 
“В” Annuity! 

о Southwark and Vauxhall Water 
Co. 4 €; Debenture Stock 

о Staines Reservoirs 3 95 Guaranteed 
Debenture Stock 

o Glasgow and South-Western Rail- 
way 4 % Preference Stock (1894) 


Investments Purchased since last Account-- 
£29 0 о Madras Railway 5% Capital Stock 
57 0 о South Indian Railway 44 % Deben- 


ture Stock 


» Balance uninvested at this date carried to Balance 
Sheet 


— o MÀ а — 


бт. 

х s d 
£414 I5 0 
306 о о 

1,770 5 

204 10 6 
352 13 6 
274 11 10 
185 I 9 
130 15 2 
251 5 5 
120 I 6 
207 17 9 
539 2 3 
270 5 O 

-------- 3,039 10 8 
44 9 4 
5% оо 

-------- IW 9 4 

£5.68 оо 

32 оо 


£5,200 0 0 
[uad 


1 £70 5°о Capital Stock Converted. 


* BUILDING FUND" 
Br. 


$ 5 
To Amount (as per last Account)— 
» Investments ... ve T 45% ез ... £6,852 8 0 
» Dividends uninvested “2 - . I9I 17 2 
7044 5 И 
» Dividends received during 1900 ... А «is ees ... 1090 22 
» Subscriptions received during 1900 is Бі ae ... 426 8 6 


„ Surplus from Vellum Diplomas to Dec., 1900 ... эз ire 22 2 8 
„ Amount transferred from General Fund in 1000 -" ... 729 И 10 


£8,421 11 1 


ACCOUNT. 


Cr. 
6 s.d 
Ву Investments (аз per last Account)— 
$450 о о Canada 4 % Reduced Stock ... £504 0 0 
524 13 о Canada 3 % Stock ... T: 553 IO I 
181 о о Great Western Railway 44 % Debén: 
ture Stock ... © 324 17 8 
418 о oSouth-Eastern Railway 34% Prefer- 
| ence Stock . "e 555 18 0 
370 o o Londonand South: Western Railway 
Preferred Ordinary Stock ... 51012 0 
520 о о London and South-Western Railway , 
4 96 Consolidated Preference Stock 821 I2 o 
190 16 8 India 34 96 Stock e 229 9 6 
387 о oGreat Eastern Railway 4 96 Consoli- 
dated Preference Stock ... 57517 8 
529 12 0 Midland Railway 24 % Consolidated 
Perpetual Preference Stock .. 500 0 0 
23 7 5Стеаї Indian Peninsula Railway | 
"B" Annuity! in 600 2 6 
80 о o London and South-Western Railway 
38% Preference Stock  ... is 99 18 3 
504 О о Staines Reservoirs 3 % Guaranteed 
Debenture Stock ... - 528 5 О 
670 о o Glasgow and South Western Railway 
4% Preference Stock (1894) .. 92511 9 
75 о oGreat Eastern Railway 4 % Deben- 
ture Stock ... % 107 13 7 
IS 0 oSouth-Eastern Railway 3% Prefer- 
ence Stock (1899) .. -— "S 15 оо 
£6,852 8 9 
„ Investments (purchased since last Account)— 
£220 о o Madras Railway 595 Stock  ... 340 0 5 
343 о о South Indian Railway 44% Deben- 
ture Stock... 509 2 0 
320 о о South-Eastern Railway Prefetred 
Ordinary Stock Та qs .. SIL I O 
£1,360 3 5 
_ $8,212 І2 2 
„ Balance, being amount uninvested at this date, 
carried to Balance Sheet... cP 558 Ж ... 208 18 II 
18,421 її 1 
т блаа 


1 £350 5% Capital Stock Converted. 
VOL. XXX. 80 


*SALOMONS SCHOLARSHIP 
Пг. 


--- ------- -r_a — - ee ке еште 


$ s.d. 


То Amount (as per last Account) dag As eds ds ... 2.126 19 3 


* SALOMONS SCHOLARSHIP 


ar. 
£ 5. д. 
To Balance (as per last Account). ... vus b» ane кез 34 2 1 
» Dividends received in 1900 69 8 4 
£103 IO 5 


THE * DAVID HUGHES SCHOLAR- 


Ж 5.4. 
To Amount bequeathed by Фе late Professor David Hughes to 
form a Scholarship ... ats Р sas а ... 2,000 0 0 


£2,000 0 0 


То Amount Presented by Dr. Непгу Wilde to forma Benevolent 
Fund ... Su Eos ee dea РИ өші ... 1,500 о о 


THE “WILDE BENEVOLENT 


To Dividends received to 31st Dec., 1900 ... ds Жа pe >. OU 


FUND" CAPITAL ACCOUNT. 


бт 
£ s.d 
By Investments, viz.— 
41.500 New South Wales 34 % Stock £1,550 5 9 
500 Саре of Good Hope 34 % Моск ... 57013 6 
--- 2,120 19: Е 
£2,126 19 3 
[d 
FUND" INCOME ACCOUNT. 
fr 
£ ва 
By Award for 1900, to Мг. R. P. Howgrave Graham, of the 
Finsbury Technical College Е КЕР У Ша SO оо 
» Balance carried forward to Balance Sheet is dus ja 53 10 5 
£103 10 5 
SHIP FUND" CAPITAL ACCOUNT. 
Cr. 
Ж sd 
By Investment £2,045 Staines Reservoirs 3 % Guaranteed Deben- 
ture Stock ag ы ne E ... LOOX I3 0 
» Balance uninvested carried n Balade Sheet . "T ps I 5 О 


FUND" CAPITAL ACCOUNT. 


Cr. 
+ s.d 
By Investment £875 Great Eastern. Railway Metropolitan 
5 % Guaranteed Stock T : oe es es 1,493 16 3 
» Balance uninvested carried to Balance Sheet e Hs -— б 3 9 


—_—_———_  — — — M — M M € —  —— — M M M a e M € — — M M —— —— e ——— € —— 


FUND" INCOME ACCOUNT. 


By Balance carried to Balance Sheet T jos vx ... £21 2 ц 


ВАГАМСЕ ЗНЕЕТ, 


LIABILITIES. 
5 
То Life Compositions—Balance uninvested 55% Pes ..- 3200 
», Subscriptions received in advance— 
On Account of 1001. ... i se 77: 7-8 
T 1902 ... s Vx 400 
я 1903 ... > ы 300 
5 1904 A I O O 
85 7; 8 


* Salomons Scholarship Fund "—Balance of In- 
come Account... me ea 53 10 5 
4 * Wilde Benevolen Fund "—Balance of Capital 
uninvested ... £6 3 9 
Balance of Income 


” М » Ы 


Account РЕА 21 211 
— 27 6 8 
„ “David Hughes Scholarship" Fund—Balance 
of Capital uninvested ... қ sits 7 I 50 
„ Building Fund— Balance uninvested — ... Sis ... 2081811 
„ Suspense Account—Amount of Subscriptions 
paid in advance of election  ... pa E 480 
‚ General Fund— Balance as per last Account ...£4,714 4 9 
Add Further Amount received for Photographs 
connected with the Swiss Visit of 1899 119 I 
Estimated Value of Books presented aie 3815 0 
Excess of Receipts over Expenditure ... L549 6 4 
6304 5 2 
Less Amount transferred to Building Fund ... 729 11 10 
5,574 13 4 
„ Sundry Creditors .. т T TA sie к ... 1251510 
WALTER С. McMILLAN, 
Secretary. 
£6,113 § 10 
=a 


We have examined the Books, Vouchers, and Bankers’ Certificates as to 
the Securities of the Institution, and certify that the above Statements of 
Account and Balance Sheet are correct, and exhibit the true financial con- 
dition of the Institution. 

ALLEN BIGGS & СО, 
Chartered Accountants, 
30th April, 1901. 38, PARLIAMENT STREET, S.W. 


3Ist DECEMBER, 1000. 


ASSETS. 


By Investments, “ General Fund "— 


-< 
- 


< 
> 


- чә 
= ч 


{1,4148 8 о Midland Railway 24% Consolidated 


Perpetual Preference Stock $1,200 0 0 


918 3 2 India 34 96 Stock 
IO 13 8 Great Indian Peninsula Railway 
“В” Annuity! ... 
721 о о Madras Railway 5% Stock .. 


Furniture Account (as per last Balance Medus 
Add Card Catalogue Cabinet .. РАР А 


Stock іп hand of Institution Journals, Ronald's 
Catalogues, &c.— 
As per last Balance Sheet 
Add Cost of Additions in 1900 


Less Amount realised during the year 


Stock in hand of **Cooke's Manuscripts” 
Books, Pictures, &c., other than the Ronald's 
Library (as per last Balance 

Sheet) а 

Add Value of Books and Periodicals since 
purchased, and Cost of Binding 
Value of Books and Periodicals Pre- 
sented hd 5%» is 


Stock of Vellum Diploma Forms 
National Telephone Co. Deposit... " Р 
Sundry Debtors for Advertisements. in the 
Journal, &c. s se 
Local Sections— 
Balance in hands of Hon есето; Dublin 
Section m ; ve 
Do., Newcastle Section.. 
Do., Manchester Section. 
Do., Glasgow Section ... 


Cash Balances at Bankers'— General Account ... 
Swiss Visit Account 
Petty Cash Account 


бт. 
£ s d. 
973 17 10 
274 8 9 
1,114 14 0 
3,503 0 7 
239 3 6 
217 0 
242 0 6 
399 13 3 
02 10 О 
372 3 3 
129 5 6 
242 17 9 
18 5 2 
1,336 19 7 
21 18 10 
38 15 0 
1,397 13 5 
3 19 IO 
O IO O 
97 I9 3 
Zo II I 
519 7 
I18 3 
O I9 I 
--- 0980 
£450 211 
19 4 
62 3 9 
537 I1 4 
66,113 5 IO 
ЕЕ ЕЕК 


In addition to the above balances there is an amount of £180 35. 8d. at the 


Bank to the credit of the Institution, which has to be accounted [ог to the 
guarantors in respect of the Annual Dinner and the American visit. 


F. C. DANVERS 


E. GARCKE 


1 1 £160 59/0 Capital Stock Converted. 


| Honorary Auditors, 
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The PRESIDENT: I now beg to move “That the Statement of 
Accounts and Balance Sheet for the year ending December 3rst, 
1900, as presented, be received and adopted." 

Mr. LEacH : I have very much pleasure in seconding that motion. 

Prefessor SILVANUS THOMPSON: Might we be told from the Chair 
what steps are being taken towards the realisation of our hopes to have 
a house of our own? We know the accommodation we have is too 
small, and our library is growing and ought to be better accommodated. 
The question is, Are we any ncarer the goal ? 

The PRESIDENT: I may answer that at once. We are about £1,000 
nearer the goal. Your President and a number of Members of Council 
have interested themselves a great deal in this matter, and some five or 
six months ago we visited a great number of sites. I wish that ten 
or fifteen years ago there had been a little more activity shown when 
the sites were cheaper. We need about 10,000 square feet, and as far 
as І can make out we must рау £3 10s. or £4 a square foot in West- 
minster. It is beyond our means at the present moment unless Sir 
Henry Mance or some other financier will undertake to begin with a sum 
of eight or nine thousand pounds when the capital needed is sixty or 
seventy thousand. We are all discoverers ; if one of us would only 
discover a Mr. Carnegie interested in electrical things who could 
give us the money we need, I would at once make an experiment on 
his generosity. I will now put the resolution to the meeting. 

The resolution was carried unanimously. 

Professor SiLvANUS THOMPSON : We are not, sir, in the position, 
unfortunately, of meeting in our own hall. If we were in that position, 
the motion which I rise to move would be entirely unnecessary ; but 
having no hall of our own, we can at any rate enjoy the hospitality of 
those other Societies which have halls, and as most of our meetings arc 
held in the Hall of the Institution of Civil Engincers, we certainly 
cannot do less than give to that body our most cordial thanks for the 
hospitality which it extends to us. What we should have done in past 
years without the opportunity of using that exceedingly excellent 
mecting place I do not know. The motion I have to propose is “ That 
the Members of the Institution of Electrical Engineers hereby tender 
their cordial thanks to the President, Council, and Members of the 
Institution of Civil Engineers for their generous hospitality? in per- 
mitting the meetings of this Institution in their building." 

Mr. К. P. SELLON : I do not think I need add anything to what Dr. 
Thompson has said. I feel sure we are deeply sensible of our good 
fortune in having the theatre of the Institution of Civil Engineers 
in which to conduct our proceedings, and that we are unanimous in 
our appreciation of the kindness and courtesy of the Civil Engineers in 
placing their building atour disposal. I have pleasure in seconding the 
motion. 

The motion was unanimously carried. 

Mr. C. P. SPARKS : I beg to propose “ That the Members of this 
Institution express hereby their sincere thanks to the President, 
Council, and Members of the Institution of Mechanical Engineers and 
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to those of the Society of Arts for their kindness іп allowing this 
Institution to hold meetings in their respective buildings." 

Мг. W. M. Мокркү: I have great pleasure, not unmixed with pain, 
in seconding the resolution. I feel that it is rather a painful thing that 
we, a large, prosperous, and comparatively wealthy body, should be 
lodgers and not houscholders. That docs not, of course, in апу way 
lessen our feelings of gratitude to the Societies who are good enough 
to grant us the use of their halls, and the facilities we enjoy here and 
at the Mechanical Engineers. Р 

Мг. P. V. Luke: We all know how much the prosperity апа 
extension of this Institution is in the hands of our Local Honorary 
Secretaries and Treasurers ; and the large accession of members during 
the past year, as well as the interesting papers and discussions we have 
had, is evidence of how well those gentlemen have worked on our 
behalf. Our greatest field for future extension is probably in the 
spheres of influence of our honorary secretaries, and it is to them we 
look in great measure to popularise the Institution and to extend its 
interests. I understand that there are one or two gentlemen who 
represent us abroad present to-night, amongst them being Mr. С. С. 
Ward, of America, and we shall have an opportunitv of thanking 
them personally for their efforts. I beg to propose “ That the thanks 
of the Institution be given to the Local Honorary Secretaries and 
Treasurers for their services during the past year." 

Mr. CooPER seconded the motion, which was unanimously carried. 

Мг. Ско. С. WARD, in reply: It is somewhat of a surprise to me 
to be called upon to speak this evening. At the same time, it is a 
pleasure to be here to acknowledge this vote of thanks to the 
Local Honorary Secretaries and Treasurers. I believe every Local 
Secretary feels it an honour to represent the Institution. I have been 
Secretary for the United States, I think, since 1876, and I consider 
it a privilege to be associated with it. I beg to thank you, gentlemen, 
on the part of my colleagues, and to assure you of my own appreciation 
of your vote of thanks. You may rely upon my continuing to further 
the interests of the Institution in every possible way. 

The PRESIDENT: I am very glad to think that a Local Honorary 
Secretary has had a chance of knowing that we do give these yearly 
thanks. I do notthink that the vote is formally sent to them in a letter. 
There are several of us who have acted as Local Honorary Secretaries. 
I myself when I was in Japan little knew that these thanks were piling 
up every year for what one was doing. 

Mr. JouN GAVEY: An eminent engineer was оп one occasion asked 
which was the most difficult engineering problem he had had to face, 
and he is stated to have said, in reply, the raising of money. Now, 
whether we agree with that view or not—and many of us will feel 
inclined to agree with such a statement—it is quite obvious that the 
money having been raised, the next thing is to provide for its safe 
custody, and its judicious expenditure. 1 feel that all of us, as members 
of this Institution, owe a deep debt of gratitude to the gentlemen 
who undertake for us the custody of the purse strings, and it is 
therefore with very great pleasure I propose “That the thanks of this 
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Institution be accorded to Professor Ayrton for his kind services as 
Honorary Treasurer during the past twelve months.” 

Mr. CAMPBELL Swinton: I think I cannot add anything to what 
Mr. Gavey has said. Professor Ayrton's energetic temperament is well 
known to you, and I am sure that anything he undertakes he does with 
all his heart. I have much pleasure in seconding the resolution. 

The resolution was carried unanimously. 

Sir HENRY MANCE: I have much pleasure in proposing “That the 
thanks of this Institution be given to Mr. F. C. Danvers and Mr. E. 
Garcke for their kind services as Honorary Auditors during the past 
year.” As one of the oldest members of the Institution it has given 
me much plcasure to see the патс of Mr. Danvers occur in our Reports 
year after year, and in the active association of Mr. Garcke with us we 
know we have a gentleman most intimately connected with electrical 
engineering, and whose services аге sure to be valuable both as auditor 
and in other ways. 

Mr. А. J. Lawson: I beg to second Sir Henry Mance's proposal, 
and I can add nothing to what he has said except that I am sure 
it is a pleasure to Mr. Danvers and Mr. Garcke to act for the 
benefit of this Institution. 

The resolution was unanimously carried. 

Mr. S. 2. DE FERRANTI: I have to propose “That the best thanks 
of the Institution be tendered to Messrs. Wilson, Bristows, and 
Carpmael for their kind services as Honorary Solicitors during the 
past year." 

Mr. J. E. KiNGsBURY : I have pleasure in seconding that motion, and 
if I may second it with a few more words than Mr. Ferranti proposed 
it, I shall be glad if you will allow me to do so. А good many years 
ago it was my lot to be involved in some legal questions under circum- 
stances in which a lawyer might certainly, if he had liked, have made 
me a profitable client. I was always brought up with the idea that a 
lawyer regarded mainly his own interests, but I was introduced to a 
lawyer who dispelled that idea from my mind entirely. It was the late 
Mr. Carpmael, of the firm of Wilson, Bristows, and Carpmacl, the 
solicitors to this Institution. I have pleasure in bearing testimony to 
the advice they were able to give me in my own interests, and from a 
monetary point of view certainly against their own. Іп the case of the 
Institution, since they act as Honorary Solicitors, the question of money 
does not come in. Тһе Institution is fortunate in having Honorary 
Solicitors, but I think it is especially fortunate in having such Solicitors 
as Messrs. Wilson, Bristows, and Carpmael, of whose devotion to the 
interests of their clients I can speak from experience, and whose 
identification with clectrical affairs is of such long standing, as shown 
by the fact that they are the successors of the firm who acted for 
Mr. Cook in reference to his original telegraph patent. 

The resolution was agreed to unanimously. 

The PRESIDENT announced that the scrutineers reported the fol- 
lowing to have been duly elected :— 


aa 
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Members : 


Henry Bevis. 
Paul Brühl. 
Maurice Deacon. 


Robert Shedden Dobbie. 
Robert Tvndall Gibbs. 
Harry Snuth Styan. 


William Mundell Thornton. 


Associate Members: 


James Richard Berry. | 
Ernest Albert Browning. 
Henry Davidson. 

Edwin Freund. 

Edwin Ernest Fuller. 


Frederick Mackenzie Lea. 
Donald Robert McLagan. 
Joseph Platt. 

Harry Richardson. 

Charles Lionel Ernest Stewart. 


Francis Allan Wilkinson. 


Associales : 


Joachim Henry Adam. | 
George Herbert А. Armstrong. 
Thomas Henry Bacon. 

Edwin David Bevenne-Miller. | 
William James Bishop. | 
James Frederick Carter. 

G. F. St. Clair Harden. 
William Henry Herod. 
Stephen Kirkwood. 
Francis John Lamb. 

Victor Mamelsdorf. 

Sidney Benjamin Marshall. 


Frank William Money. 
Frederick Michell Nicholl. 
John Macdougall Pollock. 
John Moftat Robb. 

Fred Sells. 

Percy J. Sims. 

William Charles Smart. 
Anthony К. Vanderveen. 
Walter Septimus Vaughton. 
E. Counsel Wansbrough. 
Sidney David White. 
Reginald St. Chad Young. 


Students: 


Sidney Frazer Barclay. | 
Henry Thos. George Edmonds. | 
Joseph D. Griffin. | 
Cyril John Hopkins. | 
Percy William Kelsev. 

George Louis Kirkpatrick. 


І 


William Bell Marr. 

William Francis Pepper. 
William Trevor Roper. 
Thomas Yeo Sherwell, Junr. 
Herbert Ashlin Skelton. 
Arthur Stanley Wilson. 


The PRESIDENT: I have also to announce the result of the election 


of the new Council for 1901-2. 


The election is now complete, because 


under our Articles of Association, as no candidates have been nominated 
other than those nominated by the Council, the Council’s nominees are 


duly elected :— 


President. 


W. Е. LANGDON. 


Vice-Presidents. 


R. Kayk Gray. 
Major P. CarDew, К.Е. 


5.2. DE FERRANTI. 
JOHN СахЕү. 
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Institution be accorded to Professor Ayrton for his kind services as 
Honorary Treasurer during the past twelve months.” 

Mr. CAMPBELL Swinton: I think I cannot add anything to what 
Mr. Gavey has said. Professor Ayrton's energetic temperament is well 
known to you, and I am sure that anything he undertakes he does with 
all his heart. I have much pleasure in seconding the resolution. 

The resolution was carried unanimously. 

Sir HENRY MANCE : I have much pleasure in proposing “That the 
thanks of this Institution be given to Mr. F. C. Danvers and Mr. E. 
Garcke for their kind services as Honorary Auditors during the past 
year. Аз one of the oldest members of the Institution it has given 
me much pleasure to see the name of Mr. Danvers occur in our Reports 
year after year, and in the active association of Mr. Garcke with us we 
know we have a gentleman most intimately connected with electrical 
engineering, and whose services are sure to bc valuable both as auditor 
and in other ways. 

Mr. A. J. Lawson : I beg to second Sir Henry Mance's proposal, 
and I can add nothing to what he has said except that I am sure 
it is а pleasure to Mr. Danvers and Mr. Garcke to act for the 
benefit of this Institution. 

The resolution was unanimously carried. 

Mr. 5. Z. ре FERRANTI : I have to propose “That the best thanks 
of the Institution be tendered to Messrs. Wilson, Bristows, and 
Carpmael for their kind services as Honorary Solicitors during the 
past year." 

Mr. J. E. KiNGSBURY : I have pleasure in seconding that motion, and 
if I may second it with a few more words than Mr. Ferranti proposed 
it, I shall be glad if you will allow me to do so. А good many years 
ago it was my lot to be involved in some legal questions under circum- 
stances in which a lawyer might certainly, if he had liked, have made 
me a profitable client. I was always brought up with the idea that a 
lawyer regarded mainly his own interests, but I was introduced to a 
lawyer who dispelled that idea from my mind entirely. It was the late 
Mr. Carpmacl, of the firm of Wilson, Bristows, and Carpmael, the 
solicitors to this Institution. I have pleasure in bearing testimony to 
the advice they were able to give me in my own interests, and from a 
monctary point of view certainly against their own. Іп the case of the 
Institution, since they act as Honorary Solicitors, the question of money 
does not come in. Тһе Institution is fortunate in having Honorary 
Solicitors, but I think it is especially fortunate in having such Solicitors 
as Messrs. Wilson, Bristows, and Carpmael, of whose devotion to the 
interests of their clients I can speak from experience, and whose 
identification with electrical affairs is of such long standing, as shown 
by the fact that they are the successors of the firm who acted for 
Mr. Cook in reference to his original telegraph patent. 

The resolution was agreed to unanimously. 

The PRESIDENT announced that the scrutineers reported the fol- 
lowing to have been duly elected :— 
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Charles Lionel Ernest Stewart. 


Francis Allan Wilkinson. 
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Joachim Henry Adam. | 
George Herbert А. Armstrong. 

Thomas Henry Bacon. | 
Edwin David Bevenne- Miller. 


William James Bishop. 
James Frederick Carter. 

G. F. St. Clair Harden. 
William Henry Herod. 
Stephen Kirkwood. 
Francis John Lamb. 

Victor Mamelsdorf. 

Sidney Benjamin Marshall. 


Frank William Money. 
Frederick Michell Nicholl. 
John Macdougall Pollock. 
John Moffat Robb. 

Fred Sells. 

Percy J. Sims. 

William Charles Smart. 
Anthony R. Vanderveen. 
Walter Septimus Vaughton. 
E. Counsel Wansbrough. 
Sidney David White. 
Reginald St. Chad Young. 


Students : 


Sidney Frazer Barclay. 

Henry Thos, George Edmonds. 
Joseph D. Griffin. 

Cyril John Hopkins. 

Percy William Kelsey. | 
George Louis Kirkpatrick. | 


William Bell Marr. 

William Francis Pepper. 
William Trevor Roper. 
Thomas Yeo Sherwell, Junr. 
Herbert Ashlin Skelton. 
Arthur Stanley Wilson. 


The PRESIDENT: I have also to announce the result of the election 


of the new Council for 1901-2. 


The election is now complete, because 


under our Articles of Association, as no candidates have been nominated 
other than those nominated by the Council, the Council’s nominees are 


duly elected :— 


President. 


W. Е. LANGDON. 


Vice-Presidents. 


К. KAYE GRAY. 
Major P. CARDEW, К.Е. 


S. Z. DE FERRANTI. 
JOHN GAVEY. 


1240 ELECTION OF OFFICERS AND COUNCIL. Мау 30th, 


Members of Council. 


Н. Н. CUNYNGHAME, С.В. А. J. LAwson. 
H. EDMUNDs. The Hon. С. A. Parsons, Е.К.5. 
ROBERT HAMMOND. W. Н. PATCHELL. 
Н. E. Harrison, B.Sc. J. Н. RibER. 
Huco Hinsr. MARK ROBINSON. 
Lieut.-Col. H. С. L. HOLDEN, R. P. SELLON. 
R.A., F.R.S. C. P. SPARKS. 
J. E. KINGSBURY. JAMES SWINBURNE. 


Associate Members of Council. 


W. R. Сооркв, M.A., B.Sc. | W. DUDDELL. 
R. W. WALLACE, К.С. 


Honorary Auditors. 


FREDERICK C. DANVERS. | E. GARCKE. 


Honorary Treasurer. 


Professor W. E. AYRTON, F.R.S., Past-President. 


.- 


Honorary Solicitors. 


Messrs. WILSON, BRisTOWs, & CARPMAEL, т, Copthall Buildings, Е.С. 


Prof. J. PERRY : You have now, gentlemen, elected Mr. Langdon 
as my successor, and he is about to take the chair at this meeting. Ц 
would have been a very easy thing for me to prepare a long speech 
about Mr. Langdon, stating the nature, or something of the nature, of 
the services he has rendered to the electrical industry, and of the 
papers he has read before our Institution, many of them when some of 
the members present were in long clothes. But what is the use of mv 
making a speech about Mr. Langdon? You have elected him President 
of the Institution with your cyes perfectly open, and I take it vou must 
know quite as much about him as I should be able to say in the short 
time at my disposal. I will, therefore, without any further words, ask 
Mr. Langdon to take the chair. 

Professor PERRY then vacated the chair, into which he inducted 
Mr. LANGDON. 

Тре PREsIDENT (Mr. Langdon): I beg to tender vou, gentlemen, 
my most hearty thanks for the honour you have conferred upon me. 
I associate with that honour a desire on your part to recognise the 
services of that branch of our Institution which I may perhaps lav 
claim to have represented on the Council. I think, also, I may perhaps 
go a little beyond this and tender you thanks for a desire on your part 
to confer honour on one who has spent a good many, although perhaps 
not so many years as Professor Perry has suggested, in telegraph work, 
and in secking to further the advancement of electricity on railways. 
On behalf of those whom I may assume to represent, as also on mv 
own behalf, I tender you my most hearty thanks. 

I shall enter on my duties with a very great deal of diffidence, but 
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of this I feel assured, that, in appealing to you for your assistance and 
support, and for your confidence, in the discharge of those duties, I 
shall not appeal in vain. I feel that you will grant to me the same 
support and afford me the same confidence you have so generously 
accorded my predecessors. I readily assure you that my every effort 
shall be to deal with the duties devolving upon me to the utmost of 
my power, and in the best interests of the Institution. If it should be 
that I am not able to perform those duties to my own satisfaction, or 
to that of my colleagues, I «shall promptly return into your hands the 
trust with which you have invested me. I thank you, gentlemen, very 
heartily for the kind manner in which you have received my remarks. 

Мг. К. К. Gray: I think I am expressing the feeling of all present 
in tendering to the retiring President, Professor Perrv, our very best 
thanks for the manner in which he has conducted the affairs of this 
Institution during his period of office. Тһе Report you have just heard 
tells the story, and you can gather from it the amount of work which 
Professor Perry must have done in the session just closed ; but in 
addition to the work recited -in the Report, we must remember that 
last year was no common year. We had our American cousins with us, 
and Professor Perry, with that genial manner of his, certainly captivated 
our visitors, and represented this Institution as it should be represented. 
We went under his presidency to Paris to be present at the joint- 
meeting of our Institution and of the Institution of Electrical Engineers 
of America, and there, with his American colleague, Dr. Hering, 
Professor Perry was tircless in doing everything that could be done to 
make the joint-meeting an undoubted success. И is needless for me to 
say, gentlemen, in your presence, how much we esteem our past 
President, and how sorry we shall be to miss his kindly face in the 
chair. I have much pleasure in proposing “ That the cordial thanks of 
the Institution of Electrical Engineers be offered to Professor Perry for 
the self-denying zeal and energy that he has shown whilst filling the 
office of President, and for the constant care he has devoted to the 
interests of the Institution and to the duties of his office." 

Mr. R. W. WALLACE, K.C. : I assume that the reason I am asked to 
second this resolution is that I am not by profession an electrical 
engineer. You have heard to-night, when Messrs. Wilson, Bristow, and 
Carpmell were being spoken of, the category in which lawyers are 
placed. However, I cannot claim, like them, to be an exception to the 
rule. But although you may be a wicked lawyer, that is no reason 
why you should not approve the good in others, and especially in your 
President. With regard to the object of this vote, I think every 
member of the Institution of Electrical Engincers will be at one with 
me in thinking thatithere has never been a better President than 
Professor Perry. You have heard of his geniality. I do not know the 
number of times he must have been in Paris, but I remember he was 
there once with me as a co-delegate on behalf of this Society to some 
other societies, and I can tell you the President was very gay, and did his 
duty extremely well. But there is a very serious side to the work of 
this Institution, and since last I was an Associate Member of Council, 
—it must be eight or ten years ago now— I notice that the work of the 
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Society has about doubled, and that the share of it to be got through by 
the President is something phenomenal. This means giving up a great 
deal of valuable time ; and on the other hand, when we consider that 
Professor Perry has had to adjudicate, as he says, somewhat autocrati- 
cally sometimes, on very vital questions affecting the Institution, in а 
very few minutes before the papers are read, and has been able to do 
so with much geniality, I have no doubt you will see that you are much 
indebted to him for the services he has rendered during the past year. 
I hope he may be long spared to smile at us, and perhaps at some other 
time to take the chair. It is a very difficult thing in a new Institution 
like this to find excellent men every year, and how you have been able 
to do it up to the present is wonderful. Yet, it would not do for 
Presidents to have the work they have to do for more than one year in 
succession, because I am certain it would involve too great a sacrifice. 

The resolution was carried with acclamation. 

Professor PERRY, in responding, said : It must give you, sir, a great 
deal of confidence in beginning your year's work when you think that 
your services in the chair will be acknowledged in this sort of wav at 
the end of your year of office. It is not much that one does, after all, to 
get the gratitude of an important Institution like this. I thank Mr. 
Gray and Mr. Wallace very much for the way in which they have 
spoken about me. "There is no doubt about it, it has been a very hard 
year, and the attendance on all those Committees has been a pretty 
heavy job considering the other work one has to do. But then you 
must remember that probably I took the business just a little too 
seriously. I think that if I had attended about one-third of the 
Committee meetings, and left out an occasional Council meeting or 
ordinary meeting, the Institution might have been just as comtortable 
and perhaps even more good-humoured with me. But I had such an 
inclination to have my finger in every pie, that I am afraid the 
Secretary and others must have sometimes thought I was a bit ot a 
nuisance. To give you an example of the sort of thing I mean. You 
remember the American river-trip. Before that river-trip I was sleep- 
less for nights. I felt sure there would be a hitch about the electric 
launches, or the luncheon, or something else. 1 could foresee no end 
of things that might happen to bring disaster and disgrace upon the 
Institution. Тһе time came—preparations had to be made—and Mr. 
McMillan quietly took the whole thing into his hands, with all its 
details, and he pulled it through without a hitch of any kind, and he did 
not turn a hair. This was a lesson to me. Afterwards I simply lett 
Mr. McMillan to do the work. We went to Paris and had no end ot 
fuss there in all sorts of ways; we had our Annual Dinner ; and we 
also received the South African Contingent—and I did not turn a 
hair. I knew it would all come right. Mr. McMillan gave me his 
orders : Stand so; try to convert your grin into an amiable smile; go to 
Covent Garden Opera House at such and such a time, and I obeyed 
him. What I did was necessary and formal and proper, and I got the 
credit, but he was the man who did the work. But there is a serious 
side to this power of Mr. McMillan to take up all sorts of work and pull 
it through. We are taking too much work out of Mr. McMillan, 
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There is a great deal too much output, and I am sorry to say it is ап 
output with too big a load factor. There is no interval of rest 
almost in the 24 hours. Until you become President of the Institu- 
tion you cannot really know how much work Mr. McMillan is doing. I 
give him my personal thanks, and as past President of the Institution I 
give him the thanks of the Institution for what he has done. I should 
also like to say that I give my thanks to the Members of Council ; 
more earnest, considerate, sympathetic, hard-working Members 
of Council I cannot possibly imagine, faithfully attending Com- 
mittee meetings, and helping the President in every possible way. 
I am glad the year is over ; there is no doubt about that, for many 
reasons and for one in especial, namely, because I seem to have a 
native talent for “ putting my foot in it" whenever it is possible to do 
so. Onseveral occasions I know I have put my foot in it rather sadly. 
I know the Members of Council have forgiven me for any mistakes I 
have made, but there is this to be said: eighteen months ago I am 
certain that I was on absolutely triendly terms with every member 
of this Institution, whereas I am sorry to think that now it is just 
possible that two or three members of this Institution may feel that 
they have a right to be a little annoyed with me. I can only say it 
was merely zeal, and that I did everything for the best. I did not in 
any way want to hurt anybody's feelings. 

I thank you again, gentlemen, for the way in which you have 
received this resolution. 
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EDWARD HENRY BOLD, who died on the 4th of May, 1900, was 
born at Clitheroe in Lancashire in 1841, and worked first at mechanical 
engineering in the workshops of Messrs. Bridge and Barnes, and then 
іп the chemical laboratory of Mr. John Sieber. Не sailed for Australia 
in 1861, and, on his arrival, became assistant to Mr. Richard Millet, a 
civil engineer in Melbourne. He afterwards, in 1863, settled in New 
Zealand, and was engaged, first іп road-construction and then іп 
mining, under the Provincial Government of Canterbury. Then, in 
1867, Mr. Bold accepted the position of Telegraph} Engineer, and was 
employed in supcerintending the construction of the line from 
Wellington to Auckland. In 1868 he successfully carried a line, in part 
through native territory, to Oruanini, having been given power to treat 
with the natives, many of whom were so hostile that the work of con- 
struction had to be carried on.under the protection of an armed 
constabulary. This work involved the cutting of a road through the 
centre of the North Island; and Mr. Bold afterwards became Road 
Engineer for Taupo and the East Coast, under the newly-formed Public 
Works Department, from which he was retired in 1878. Dr. Lemon, 
who has since followed his late assistant, wrote concerning him that he 
excelled as an electrician, and had accompanied him (Dr. Lemon) as 
his right-hand man in all his cable-repairing expeditions. 

Mr. Bold was elected a Member of the Institution of Electrical 
Engineers on December roth, 1879. 


GEORGE FRANCIS FITZGERALD was born in 1851 at the old 
Rectory, Kill-o’-the-Grange, Monkstown, Co. Dublin, of which parish 
his father, afterwards successively Bishop of Cork and Killaloe, was 
then rector. His education was a home one under tutor until he 
entered Trinity College, Dublin, at the age of sixteen, in 1867. His 
undergraduate course in the University was a most distinguished one, he 
taking the highest place in Mathematics and Experimental Science at 
his degree іп 1871. Не gained a Fellowship іп 1877, and in 1881 was 
appointed the Erasmus Smith Professor of Natural Philosophy, which 
post he held for the rest of his life. He was elected a Fellow of the 
Royal Society in 1883, and in 1899 he had conferred upon him one 
of the Society’s Royal Medals. He was made an Honorary Fellow of 
the Royal Society, Edinburgh, in 1900. 

Up to his appointment to the Professorship there had been no 
teaching in Dublin in Practical Physics, but on his obtaining possession 
of an old disused chemical laboratory he started classes in Experimental 
Physics, and shortly gathered round him earnest workers in that branch 
of science. He ever had at heart the claims of experimental science in 
his University, and though he succeeded in effecting considerable 
advances, it remained to the end a source of disappointment to him that 
he could not move the authorities to bring things up to the requirements 
of the day. : 

Fitzgerald was early impressed in electrical matters with Maxwell's 
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views, then new and imperfectly understood Бу the scientific world, and 
actively introduced them into his teaching. He published in 1876 his 
first paper on the “ Rotation of the Plane of Polarisation of Light by 
Reflection from the Pole of a Magnet," and in 1880 his paper on the 
“ Electro-magnetic Theory of Reflection and Refraction of Light," in 
which he showed how the relations established in the older theories 
were in agreement with Mawell's “ Electro-magnetic Theory of Light” 
and afforded it signal support. From that time he continuously 
interested himself in this subject, and in the possibility of obtaining by 
electro-magnetic means Maxwellian Radiation. 

Many of his papers to the Royal Dublin Society and elsewhere 
elucidated this question, and he succeeded in devising means, the only 
one still available, for producing these electro-magnetic waves. He was 
deterred trom making practical application of them by not seeing at 
the time how the presence of these waves might be detected. He thus 
was prepared for and warmly welcomed the announcement of Hertz's 
achievements in electro-magnetic radiation, and brought these dis- 
coveries prominently before the English scientific world in his address 
to the Mathematical and Phvsical Section of the British. Association in 
Bath in 1888, and later in a lecture at the Royal Institution. Both these 
discourses were rich in pregnant ideas and suggestions which helped on 
and inspired in no small degree the great body of work which was 
shortly to put our knowledge of electro-magnetic radiations into the 
position of being available for practical applications. 

In 1885 he invented and constructed а model illustrating Maxwell's 
theorv of electric and magnetic displacement which was of considerable 
influence in meeting the objections then often urged that the ether 
postulated was unmechanical. | 

He published іп 1879 а paper оп “ Vapour Pressure near Curved 
Liquid Surfaces," in which he gave an explanation based on molecular 
considerations of the well-known relations established earlier by Lord 
Kelvin from thermo-dynamics. Не contributed important papers on 
numerous other questions to various scientific societies which are to be 
found in their publications. 

His mind was of an eminently practical type, and had his life been 
one thrown more in immediate contact with the pressing problems of 
engineering, would doubtless have produced much fruit in inventive 
applications of science. 

For many years he took an active part in general educational 
matters, both in his own University апа elsewhere. То his assistance 
was largely due the inauguration in Ireland of technical education, and 
the founding in Dublin in 1887 of the Kevin Street Technical Schools, 
in which he continued until his death to take an active interest. 

Не was a Member of the Board of National Education for Ireland, 
and to him in great measure must be attributed the improvements of 
late introduced into the system of primarv education. Не was a 
member of the recently created Board of Technical Instruction for 
Ireland, to which he was able to give, on its inception, important 
guidance through his extensive knowledge of the subject. Не was also 
a member of the Board of Intermediate Education. 
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EDWARD HENRY BOLD, who died on the 4th of May, 1900, was 
born at Clitheroe in Lancashire in 1841, and worked first at mechanical 
engineering in the workshops of Messrs. Bridge and Barnes, and then 
in the chemical laboratory of Mr. John Sieber. Не sailed for Australia 
іп 1861, and, on his arrival, became assistant to Mr. Richard Millet, а 
civil engineer in Melbourne. He afterwards, in 1863, settled in New 
Zealand, and was engaged, first іп road-construction and then in 
mining, under the Provincial Government of Canterbury. Then, in 
1867, Mr. Bold accepted the position of Telegraph; Engineer, and was 
employed in superintending the construction of the line from 
Wellington to Auckland. In 1868 he successfully carried a line, in part 
through native territory, to Oruanini, having been given power to treat 
with the natives, many of whom were so hostile that the work of con- 
struction had to be carried on.under the protection of an armed 
constabulary. This work involved the cutting of a road through the 
centre of the North Island ; and Mr. Bold afterwards became Road 
Engineer for Taupo and the East Coast, under the newly-formed Public 
Works Department, from which he was retired in 1878. Dr. Lemon, 
who has since followed his late assistant, wrote concerning him that he 
excelled as an electrician, and had accompanied him (Dr. Lemon) as 
his right-hand man in all his cable-repairing expeditions. 

Mr. Bold was elected a Member of the Institution of Electrical 
Engineers оп December roth, 1879. 


GEORGE FRANCIS FITZGERALD was born in 1851 at the old 
Rectory, Kill-o'-the-Grange, Monkstown, Co. Dublin, of which parish 
his father, afterwards successively Bishop of Cork and Killaloe, was 
then rector. His education was a home one under tutor until he 
entered Trinity College, Dublin, at the age of sixteen, in 1867. His 
undergraduate course in the University wasa most distinguished one, he 
taking the highest place in Mathematics and Experimental Science at 
his degree іп 1871. Не gained a Fellowship іп 1877, and in 1881 was 
appointed the Erasmus Smith Professor of Natural Philosophy, which 
post he held for the rest of his life. He was elected a Fellow of the 
Royal Society in 1883, and in 1899 he had conferred upon him one 
of the Society's Royal Medals. Не was made an Honorary Fellow of 
the Royal Society, Edinburgh, in 190o. 

Up to his appointment to the Professorship there had been no 
teaching in Dublin in Practical Physics, but on his obtaining possession 
of an old disused chemical laboratory he started classes in Experimental 
Physics, and shortly gathered round him earnest workers in that branch 
of science. He ever had at heart the claims of experimental science in 
his University, and though he succeeded in effecting considerable 
advances, it remained to the end a source of disappointment to him that 
he could not move the authorities to bring things up to the requirements 
of the day. à 

Fitzgerald was early impressed in electrical matters with Maxwell's 
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views, then new and imperfectly understood by the scientific world, and 
activelv introduced them into his teaching. He published in 1876 his 
first paper оп the * Rotation of the Plane of Polarisation of Light by 
Reflection from the Pole of a Magnet," and in 1880 his paper on the 
“ Electro-magnetic Theory of Refection and Refraction of Light," in 
which he showed how the relations established іп the older theories 
were in agreement with Mawell's “ Electro-magnetic Theory of Light” 
and afforded it signal support. From that time he continuously 
iuterested himself in this subject, and in the possibilitv of obtaining by 
electro-magnetic means Maxwellian Radiation. 

Many of his papers to the Roval Dublin Society апа elsewhere 
elucidated this question, and he succeeded in devising means, the only 
one still available, for producing these electro-magnetic waves. He was 
deterred from making practical application of them by not seeing at 
the time how the presence of these waves might be detected. He thus 
was prepared for and warmly welcomed the announcement of Hertz's 
achievements іп electro-magnetic radiation, and brought these dis- 
coveries prominently before the English scientific world in his address 
to the Mathematical and Physical Section of the British Association in 
Bath in 1888, and later т a lecture at the Royal Institution. Both these 
discourses were rich in pregnant ideas and suggestions which helped on 
and inspired in no small degree the great body of work which was 
shortly to put our knowledge of electro-magnetic radiations into the 
position of being available for practical applications. 

In 1885 he invented and constructed a model illustrating Maxwell's 
theory of electric and magnetic displacement which was of considerable 
influence in meeting the objections then often urged that the ether 
postulated was unmechanical. К. 

He published in 1879 a paper on “ Vapour Pressure near Curved 
Liquid Surfaces,” in which he gave an explanation based on molecular 
considerations of the well-known relations established earlier by Lord 
Kelvin from thermo-dynamics. Не contributed important papers on 
numerous other questions to various scientific societies which are to be 
found in their publications. 

His mind was of an eminently practical type, and had his life been 
one thrown more in immediate contact with the pressing problems of 
engineering, would doubtless have produced much fruit in inventive 
applications of science. 

For many years he took an active part іп general educational 
matters, both in his own University апа elsewhere. То his assistance 
was largely due the inauguration in Ireland of technical education, and 
the founding in Dublin in 1887 of the Kevin Street Technical Schools, 
in which he continucd until his death to take an active interest. 

Не was a Member of the Board of National Education for Ireland, 
and to him in great measure must be attributed the improvements of 
late introduced into the system of primarv education. Не was а 
member of the recently created Board of Technical Instruction for 
Ireland, to which he was able to give, on its inception, important 
guidance through his extensive knowledge of the subject. He was also 
a member of the Board of Intermediate Education. 
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His friends felt for some time that all this work for the public weal, 
when added to his scientific and professional duties, was growing 
bevond his powers of physical endurance. It no doubt tended to 
aggravate during the last year the digestive disorders he was subject to, 
and to which he succumbed at the comparatively early age of fortv- 
ninc. He passed away at a time when his great knowledge and matured 
judgment were being fully appreciated, and when his attainments were 
being freely utilised for the benefit of his country. 

Fitzgerald was himself a most enthusiastic teacher, and his pupils 
ever felt, even in the most commonplace subjects, that they were being 
carried along with him in paths leading to new realms of knowledge. 

His judgment and advice on matters relating to scientific research 
were widely appreciated. This entailed an ever-increasing correspon- 
dence which he ungrudgingly maintained, giving help to other workers 
in science, the results of which it would be hard to over-estimate. 

His acquaintance with what had been already done in science was 
extensive. This, with his own inventive skill, was always at the disposal 
of those seeking his assistance. 

At scientific gatherings and discussions he stood out pre-eminent 
through a power of rapidly grasping the essential, and few subjects 
arose on such occasions to which he did not add interest from his clear 
penetrating vision. 

His presence was always a welcome one among his friends, and ever 
carried with it a feeling and influence of an elevating nature. It is 
given to few men to leave with their very intimates a memory, as it were, 
of a superior being, such did he. 

Professor Fitzgerald was President of the Physical Society of 
London іп 1892. Не was elected a Member of the Institution of 
Electrical Engineers on the то of December, 1801. On the formation 
of the Dublin Local Section in 1899 he was elected first Chairman of 
the Section, and his inaugural address in that capacity was printed in 


the Journal of the Institution in 1000. 
F. S. T. 


CHARLES EDWARD GROVE was born on the roth of March, 
1863, in Limehouse, and, commencing his career as ап office-boy, by 
indomitable perseverance and industry combined with unusual talents, 
succeeded after office hours in obtaining the education which assisted 
him so greatly in after years. In 1879 he became a Lower Division 
Clerk in the Post Office, and in that and succeeding years carried off 
many prizes at the City of London College and the Birkbeck Institution, 
including the Thompson Prize in 1882, and the Lubbock Scholarship in 
1883. Іп 1884 he gained the prize given by the Saddlers’ Guild for 
Applied Mechanics, and, besides studying himself, was engaged for 
about eight hoursa week in teaching. Іп 1887 he undertook an 
examinership in Applied Mechanics, and was transferred to the office 
of the Engineer-in-Chief at the Post Office, where he served under 
Mr. Graves. He was specially selected to deal with the Pneumatic 
Telegram System of the General Post Office, and wrote the Technical 
Instructions on the system officially supplied to the staff. He also 
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designed and superintended the erection of the machinery employed 
for the installations at Grimsby and Bradford. In 1887 he obtained the 
City and Guilds silver medal and first prize in Electric Lighting, in 
1889 the silver medal for Telegraphy, and in 1892 the silver medal and 
first prize for Telephony. 

In 1892 he left the service of the Post Office and took charge of the 
newly-formed Electrical Engineering Department of the Thames 
Ironworks and of the Company's science classes. Не remained at the 
head of this department to the time of his death, which occurred on 
January r1th, 901, as the result of typhoid fever. His intense devotion 
to his work, his enthusiasm, his ability, and his thoroughness, combined 
with the great amiability of his character, have caused his loss to be felt 
very keenly by all those with whom he had been brought into touch. 

Mr. Grove was elected an Associate of the Institution of Electrical 
Engineers on the 26th of April, 1885, and was transferred to the class 
of Members on Ше 22nd of April, 1897. Іп 1900, he read a paper 
before the Institution (published in this Journal, 1900, 29, 530) on the 
“Electrical Equipment of Ships of War," for which he was awarded 
the Institution Premium. 

(Abstracted, in part, from а memoir т the Thames Ironworks 
Gazette.) 


CHARLES LEMON, who died on the 6th of May, 1gor, at Otaki, 
New Zealand, in his sixty-seventh year, was educated, in part, in the 
Technical College at Kennington, London. Proceeding to New Zealand, 
he joined the Postal Service, becoming General Manager of Telegraphs 
in 1867, and, in 1881, Superintendent of the Postal and Telegraph 
Department. Under his supervision the department grew enormously, 
and his policy of reducing the rates for the transmission of telegraphs, 
although opposed initially, proved itself abundantly successful. 

In recognition of the assistance given by him to the astronomers who 
visited New Zealand to make observations in connection with the 
transit of Venus, he was admitted to the Honorary Degree of Doctor 
of Philosophy by the Hamilton University in the United States. 

Dr. Lemon was elected a Member of the Institution of Electrical 
Engineers on the 11th of December, 1872. From 1883 to the time of 
his death he was the Local Honorary Secretary апа Treasurer of the 
Institution for New Zealand. In 1874 he wrote a paper on “ Duplex 
Telegraphy іп New Zealand," which was published аз an Original 
Communication in the Journal (1874, 3, 487). 


E. W. PARSONÉ was educated at University College School. His 
connection with submarine telegraphy commenced in 1870, when, under 
thelate Sir Charles Bright, he was engaged on the electrical staff during 
the laying of the first West Indian cables. Subsequently, as electrician 
and engineer, he was employed by the India Rubber, Gutta Percha and 
Telegraph Works Company, and took part, among other work, in the 
connecting by submarine cables of various points along the French 
Atlantic Coast, the laying of cables in the Mediteranean between France 
and Algeria and between Marseilles and Barcelona, the laying of cables 
_ VOL. ХХХ. 81 
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for the West Coast of America Telegraph Company between Peru and 
Chile, the survey in S.S. Retriever of the routes for cables laid along the 
Pacific Coast of South and Central America for the Central and South 
American Telegraph Company, and various surveys and cable 
operations on the West African Coast. 

It was apart, however, from the purcly technical portion of 
submarine cable work that Mr. Parsoné was, perhaps, better known 
in the telegraphic world. As manager of the West Coast of America 
Telegraph Company, then of the West African Telegraph Company, 
and, at the time of his death, of the South American Cable Company, 
his energy, his business abilities, his intimate knowledge of the various 
conditions and requirements, commercial and technical, present in the 
management and administration of telegraphic communications, were 
conspicuous. His tact and readiness of resource were notable during 
the war between Pern and Chile, when, under very trying circumstances, 
he succeeded in steering his Company through the many difficulties 
inevitable where cables touched at ports alternately in the possession 
of one or other of the belligerents ; his savoir faire during this anxiags 
period was evidenced by the many and lasting friendships he made 
among both Peruvian and Chilian officials, and among the merchants 
оп the-coast. 

He received from the French Government the decoration of Othcier 
de l'Instruction Publique for his services in facilitating astronomical 
observations and in the determination of positions on the West Coast 
of South America ; and the Portuguese Government created him a 
Knight Commander of the Order of Christ for his work in the 
Portuguese possessions on the West Coast of Africa. Не was а 
Fellow of the Geographical Societies of London and of Lisbon. 

The prolonged illness (a complicated affection of heart and liver) 
from which Mr. Parsone suffered, the result of long services in tropical 
climates—an illness which he bore with exemplary patience—ter- 
minated at his residence in Leyland Road, Lec, on the morning of the 
20th of May, 19or. He was interred in Lee cemetery on the 23rd of 
May, and the large and sympathetic gathering present at the funcral 
testified to the esteem in which he was held. Cheery and humorous as 
a companion, thoughtful and trustworthy as a friend, kindly and con- 
siderate towards his subordinates, his loss will be keenly felt not only 
by those who were his intimates, but by a large circle of fellow workers 
and acquaintances who had learned to appreciate his many sterling 
qualities. 

Mr. Parsoné was elected an Associate of the Institution of Electrical 
Engineers on the 26th of November, 1873, and was transferred to the 
class of Members on the 21st of September, 1881. E. M. W. 


H. K. TAVARIA was born in 1865, and matriculated іп Bombay 
University from the St. Xavier's College in 1882, graduating first in 
Medicine and Surgery and then in Science. Іп 1893 the City and 
Guilds of London Institute arranged to hold Technological 
Examinations іп Bombay, and Mr. Tavaria passed in that year in 
Electrical Engineering, and in the two following years respectively in 


OBITUARY NOTICES. 1249 


Telegraphy and Telephony and in Electro-plating and Deposition. Later, 
he took a very active part in connection with these examinations in the 
Victoria Jubilee Technical Institute, Bombay. Мг. Тауапа gave тапу 
public lectures, апа was the author of a monograph on the Dveing 
Industry in India. From 1888 to the time of his death he held the 
position of Lecturer on Physics at the Victoria Jubilee Technical 
Institute. As the first lecturer on this subject appointed by the 
Institute, he was responsible for the organisation of the laboratories 
and of the work of the Department. Into this work he threw himselt 
energetically, and, in 1891, introduced Electrical Engineering as one of 
the subjects dealt with in the college. Іп 1895 Mr. Tavaria travelled 
for a few months in England and on the Continent, visiting some of 
the principal engineering works. 

He was elected an Associate of the ШЕТІ of Electrical 
Engineers on the 26th of November, 1801, and was transferred to 
the class of Associate-Members on the 9th of March, 1899. 


PHILIP BILLINGSLEY WALKER was the son of the Rev. James 
B. Walker, for some years Head Master of King's School, Parramatta. 
He was born at Cheltenham, and proceeding to Australia, was educated 
at Parramatta. On leaving school he joined the Public Works 
Department of New South Wales, and was shortly afterwards trans- 
ferred to the Telegraph Department, in which he rapidly became an 
expert not only as an electrician but as an operator ; he was promoted 
to the position of Assistant Superintendent under Colonel Cracknell, and 
on the death of the latter, іп 1893, succeeded him, with the designation 
of Secretary to the Telegraph Service, a designation which was after- 
©- wards changed to that of Chief Electrician and Engineer-in-chief of 
Telegraphs. Не was associated with Colonel Cracknell in the for- 
mation of the first Torpedo Corps of the Naval Brigade, and took a keen 
interest in its development. After 42 years of public service, Colonel 
Walker died, at the age of бт, on the sth of August, 1900. 

Colonel Walker was clected a Member of the Institution of Electrical 
Engineers on the 13th of January, 1887, and was, in 1893, appointed 
Local Honorary Secretary and Treasurer ot the Institution for New 
South Wales, a position which he retained until the end. 
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Electrical Review, Vol. 48, p. 37, Jan. 4, 1901. 
* NOTE ОМ A HUMMING TELEPHONE,” by F. Сил. Member. 
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